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FOREWORD 



The Divialon ol Nursing acittinually asiesses and projicts re- 
quirimenti for registered nurges across the Nation as a basis for 
its reccranendat ions in ensurittg adequate nursing eare* Recognizing 
the need for refinement and review of requirements projection 
raethodolpgiasp the Division Imriched four studies concerned ^ith th 
projection of nursing resouraes and requirements. Thus four aep- 
araCi requirements models were developed. Since these tnodels dlffe 
as to typey requirement definltiDn, structure, assumption, and data 
input and output, it was ntceiBary to clarify these differences for 
modsl users i This report, then, resulted from a comparative analy- 
sis of the four models, underttken for the Division by Applied 
Management Sciences* It adds to the ability of policymakers, plan-^ 
nersf and others to understand and use the models and model results 

This puhlication Is the alKth volume in the Nurse Plan ning 
jnjgnna. ti oil Se r i eg^ . The aeries is composed of several selected 
monograpKa and bibliographies relevant to health planning* 

"rtie ttursing component of the National Health Planriing Infor- 
mation Center provides health planners with a centralized ^ cotapre-- 
hensivi source of information on nurse manpower planning to 
facLlitste an improved health care delivery iystem in the United 
States* The component acquires^ screens, syntheal^ee, disseminates 
and tnakes available specialised documentary material on nursing, as 
well as methodological information on a wide variety of topics 
relevant to health planning and resources development- 



The other volumes in the series arei 



Aceountabilityi Its Me anin g and Its Relevance to the Health 
Care field 

Cursing Involvement in the Health Planning Process 
Troblep Oriented Record Systemi A Literature Review 
Patiifit Classif ication Systems in Kur sings A Description 
and Analysis 

Mursi Practitioners and the EKpanded Role of the N^ursei 
A Bibliography 
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I . INTRODUCTION 



The Division of Nursing administera progfams that are designed 
to aupport thi divalopment of a nuriing supply that adequately meets 
the needs of tlie UiS. health care system* This involves monitoring 
current devrelQpttisnts in the nurse manpower sector and projecting 
future nurping requirements. Specifically ^ under Public Law 94^63 i 
the Secretary of the Department of Healthj Educationt and Welfare 
(HEW) is required to report annually to the Congress on the supply 
of J and requirements for, nursing personnel. In addition, the 
Secretary Is to recommend legislation to provide for an adequate and 
equitable distribution of nurses thrQughQut the country. 

In order to neat these reporting requirements ^ suitable measures 
of current nursing requiresenta must be available, as well as appro*- 
priate methods of projecting future requirements , Historically, 
there have been at least four general types of methodologies for 
measuring tiursing requirements* First , there are methodologies that 
use criteria based on existing practiceai these rely on medians or 
quartilea of state nurse/populatloii ratios. Secondp there are 
methods thitt attenpt to develop optimal ratios to use in determining 
nursing requirements. Third, there are requirements measures that 
adopt the economist's concepts of supply and demand* Finally, there 
is an eclectic approach to ffleaiuring nurse requirements that in^ 
eludes optimizing criteria, standards of eKisting practice^ and 
demand Cieasures* 1/ 

This last approach is the one that was adopted in the report of 
the Surgeori General's Consultant Group on Nursing, Toi^ard Quality in 
Nursing , vhiah ms issued in 1963. 2/ The methodology for 



^/ Variation^ of these requirements measures have been diieussed in 
the literacure on nurse manpower. These include the use of 
vacancy rates, subjective peroeptions of shortages by directors 
of nufiini services and hospital administratorsi the difficulty 
RNs have in finding jobs, and so forth. Some of these notions 
are developed in Frank Sloan, The Geographic Distribution of 
Nurses and Public Policy, EW Publication No, (HHA) 75-53, May 

i9 l b. — 

2/ Departtient of Health, Iducation, and Welfare, Surgeon General's 
Conaultant Group on Nursing, Towards Qujl i ty in Nurs ing i Keeds 
and Goals, Public Health Service Pubrication No. 922, (Washing- 
ton i Gove fwaent Printing Office, 1963). 
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projecting nuraing requireminti in that report Is a reflnenient of 
the Biethodology devaloped in an instructional manual ^ MeaBurlng 
Nursin g ResQureea . isflued in 1949 by the Division of Nursing Rtjour- 
ees, 37^ 

The Divisioti of Nurilng Models 

Although same rafinementi had been raade in the approach adopted 
by the Surgaoti General's Consultant Group, there had not been my 
intensive review since its initial implementation, nor had there 
been any new nethodology for measuring nursing requiremente devel- 
oped for wide use in planning studies^ rherefores in order to 
refine and review existing requirements--projeetiDn methodologiis and 
to produce a aet of nethodologias that should be mora useful thaa 
the limited methodologies then available^ the Diy^ision of Nursing 
granted contraots to four resaarch firms for the purpose of develop- 
ing forecaatlng models of the nursing sector of the economy. Thi^e 
four node Is arei 

A ^rational Mode l of the Supply of» Demand for^ and Distribution 
of Kureing rersonnel and Services t " " " 

Pugh-Robirts Associates^ lm,f Cambridgi^ Massachusetts 4/ 

Analysis and Planning for Improved Distribution of Nursing Fer -^ 
sonnel and Servioest State Model. Western Interstate CoOTiisaion 
of Higher Education (WI CHE), Boulder, Colorado 

The Iffipaat of Health Care System Ghanf;es on the Nation's 
Requirement s for Registered Nurses in 1985, Vector Research^ 
Inc.y Ann Arbors Michigan 

A Micro Model for Assessing Nursing Manpower Demand and Suppl y , 
CoiBmunity Systems Foundation, Ltdt (CSP), Washington, D,C. 



Becogniging the need for different modeling approaches to 
address the estimation problem at different goegraphical levels and 
under different assumptions about the future health care environ^ 
ment^ each of the nodels was designed for a special purpose. In 



3/ Department of Health, Education, and Welfare, Division of Nura- 
ing Resources, Measuring Nursing Regourcei t (Waflhington, 1949), 

4/ Conducted under subcontract to Western Interstate Coumiision on 
Higher Education (WICHE). 
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order to provide forecasti of nursing requirementi at the national 
liVil| the Vector modil rBferenced above was developed. This model 
ii specifically concerned mth assessing the impact of the following 
three changes in the liealth care system on national requirements for 
registered nuriesi 

• the introduction of national health insurance (KHI) 

• increased enrollments in health saaintenanee organisations 
(HMOs) 

• the reformulation of nursing roles 

rhis national model is the first part of a two-part study done by 
Vector Research* The second part, separately bound ^ iKiffiinea the 
impact of these same health system changes on nursifig riquirementa 
at the state level. Both versions of the Vector model are concerned 
solely with nursing requirements and do not provide forecasts of 
aurae supply. 

In contrast with the Vector model , the CSF model vbb develo^d 
for the purpose of focusing on nursing manpower supply and demand at 
the institutional and subitate levels* Specifically, the raodel 
aatimates the demand for nurse manpower in four typas of esQplo^nient 
settings * 

• acute care 

• long-term care 

• ambulatory care 

• conmunity and public health care 

These demand eatitoates can then be combined with nurse supply pre 
jectiona at the county or multiple-county level in order to derive 
eatimates of nursing shortages or surpluses ^ 

TV Pugh"-Roberta model is a national nurse market model that 
includes detailed apecificationi of the supply and demand aides of 
the nurse manpower markets* In contrast to the CSF model , where the 
supply projections are independent of the demand estimates , the 
Pugh-Roberts model escplicltly takes account of the interactiona of 
nurse supply and demand ^ and thua reflects supply ""deinand feedback in 
the market for nuraes. In addition, it employs a niodsllng technique 
that was designed for flexibility in addressing a range of policy 
iasues, and is intended to be used principally for evaluating alter^ 
native policies and programs. 

The WICHE models on the other hand, is intended to be used as a 
guide for planning at the state level. Central to the WICHE model 
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^ reqaireaeaits plaonift| process i in i^hich state planning groups 
establish health mm% goals Chat «i used in detarmlng nursing 
requirefliantai Thup j •'re%lr#TOeiitp'' jfifetg to thi numbir of nursing 
pmtmnml thic \d.ll netdtd ®€it a pa^itlcular set of health 

It eXiax thg* the above yodels ate <quite heterogjineous mth 
r^8p€ct tc godis ^ t^Qbniqua^s^ data requitgraenta, eoat of impliBianta-' 
tio^i oucfut d^finitiang 3 ge^gr^phicai oov^rage, and so forth> It 
im^ thmtmiovt^ itiipjropriati that thii ptpjict undtrtaks a critical 
co^p^rilQDti of the im^ mcimlm , CoiapiE^iaons mil te mada of the four 
aodalsj. fc»«t th^ae ecapirisons vilL be of s descriptive nature* The 
int^ftt o£ tbi 5roJsi2t is to pro'^id^ saail^ uaderstood deseriptLon 
oj a^chi tficd<sl^ to pcifst out Chi intiaded atii potential uses of eaoh 

lad to ^IXm ehoieis Motig the medals to he madt by the 
r^id^r c£ra^0tasio^i diktats- 3he models are different in 
d^siiHi^ aach h^l ^au&scatiti^l potetttia.1 for usage, andp to a very 
gti^t exccnt, the hetefogmaity of iatendeid uses of the models mafcas 
tbaBO largely neneonpet it ive» TJiarefoie^ tfce degree to i^ieh efich 
motel liltiteately iflsple^frnced will dsptn^ on the goals of their 
ueir^ f^iative to t&e ppftirttial of lach Bio^al as perceived by the 
usir^f rather tth^ii m a judpatnC of cha pr^s^nt contractor relativ^a 
to i^rfiieh cf the f ouc modela ia uiit verbally "bast". 

R4^vjev og the gro jeet Taeka 

cecttni^al aciaXjsia of tha four nursing manpower isodels iii 
thi^ t^yott hsa tltrea Bajsr ohjectiveil to diititigviih each model 
a^eprdi^!ig to its poCititial ^ftd sTplic^tion areasy structural 

char^eti^iitica, and opetfitiotial requireaiesitai t© propose future 
modal iralida^tion teats I and tQ #KMin€ pog^lbllities for model 
intpyao^^ticna i To achie^re tleaa objeetlvis^ this project was carried 
out in thrie broa4 phsiesi J prpliinitiary r^viaw ©f the four Division 
of f|yirEiii»g models and otbir research liftorature cn health manpower 
models I chi dsvelo^iat ot stl aaalytLcaL fyiiQework to be used in 
d^Bc^ib-irsg t^s Sio^ilii and thm application of the analytical fraae* 
wotfc to paoh oC the fow ao^els- 

Pur irig cii first phi si ^f the proja&t, tba Applied Management 
Saigtica-S staff re^vieved siy^^r^l previous r^aeareh studies involving 
tha eva Itsatica of health natipQwei' isod^le i ThLs review ras undertaken 
in ^rdea to identify m€thod«Lc|iei tMt ^ight usefully be applied to 
thi PivlploQ o£ N^r^lnS ffiod^La 0ni to luigest a tt^onony of model 
Qhir^et aristica that aflutd te iocorporattd iato the analytical 
franiOT03te. Sin-Ci thi-s tevie« i?ae iotefided eiDply^ t© provide a 
general overview cf th* Baitli&dolO|ies that have been used in tha 
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p$L$tf Applied Maa^Sinent Seienees did not attempC to identify all 
such ptmvLcMB iifcrts* 

Tvo previous ittidlas vara pgrtiaularly useful p ho^avaTy because 
of thm similarity their objactivas and those of the present pro- 
jeet* Theaa iftcl^dtd a study by Vsetor Rasasreh 5/ that evaluatsd 
56 health faanpowii models in tams of their uisfurnesa for policy 
analysis purposes and a previous study by Applied Mansgaaint Seience 
6/ that avaluatcd 10 health manpower aodeli for the Maftpovar Analy-^ 
sis Branahi Buf«a*i of Health Manpower. In this latt» study, models 
wera charactaristd hy saope and purposap model strueturai estimficion 
techniquaSi endogeaoua and aKOgenous variableii data xtquifements 
and aouroasi validation tachniquesi and made! results « 

Tha findings cf the brief litaratura review ware used during tha 
second phase of tlia project to devalop a frweworic q£ analysis that 
eould be applied to the four Division of Nursing aodels « As prevl-^ 
ously nantioned^ the four models use differaat apprQaches in sodel^ 
ing the nursing sector and are concarnad with diffartnt aspects of 
the requirements est^at ion problem* It wai therafors naceisiiry to 
devalop a list of model characteristiei or descriptors that is 
detailad anough t© capture the significant featuras of each toodel 
and yat ganaral inough to be applied to the four different modalsi 

Thara are feu^ ganeral sets o£ model charaetarietlca that vert 
used to guide Chi davelopmant of the analytieal frmtwork in the 
second phase of tlie projacts 

■ 

It purposes and usas 
m comprehinsivaness 
9 theoretical construation 

m operatioiial feasibility and cogts of implementation 

The first qofflp&tient of the framawork serves to dietlngaiah the 
models in tartEis of the usas originally intanded for tbim by tha 
model builders* The second component provides a detailed deaerip^ 
tion of each modal* s covaraga of specific ala^ents of the nursing 



5^/ Vactor Resaarch i Inc.i An ^al ysis of Health Maapover Hodels . 
UW Publicatlea Mo* (HRA> 75^19, Washington, U*S*~GoverMaant 
Printing Office, 1975* 

6^/ Baanep R,r.p and litkowski, T#I* The Aasaasmeiit of Health Man^ 
ppwar Modallnp Ifforts and Davalopmant of Altaraatlve Mgdeling 
Slratagia^i HEW lublication No. (HtA) 77^17. IJ*S, Govarnment 
Printing Of fice , 1977. 



5 



15 



sector and ralated health eare sectors. The third component dt- 
scribes the aodtl strueture and analyzes the ftctori affecting nure- 
in| requirements and supply that are considered by each model. It 
also examiiie^ and dtigribes the assumptions mder lying aaeh aodel's 
develspatnt. The fourth component discusses the modeling technique 
and the procedures used^ and identifits the reaourees and data 
required to implement eaeh of the models ^ 

Each of these four major components of the analytieal framework 
was further div^ided into subcomponents, and table shells wsre con-^ 
structed for several of these subcomponents In order to provide a 
concise and convenient description of each of the four modalst The 
analysis was atructured aceording to these components and aubcompo- 
tients as applied across the four models* 

The third and last phase of the project (upoft i^ich this report 
is based) consisted of applying the analytical framework to each of 
the modelt, developing proposed validity testa for each of the 
models, and examining the possibilitias for model interaction* The 
first task involved a review of the materials provided by the model 
builders* Next, aite visits and interviawa with the modal builders 
were conducted as neeessary to discuss the intended uses of each 
model and to acquire additional information nioessary to conduct the 
analysis. This analysis was intended to assist aiodel users in 
deteraining the types of forecasts and simulationff that can be 
developed and in interpreting the resulta ohtained*, In addition, 
the analysis should be helpful in determining the suitability of the 
models for particular applications and in aasessing the feasibility 
of implamanting the models for their intended uses, as wall as other 
potential applications* Table shells and narrative descriptions 
corresponding to the components of the analytieal framework were 
thus prepared to serve these purposes. The riview of ttia materials 
supplied by the model builders, along with the lite visit inter- 
vi(ivi, provided information on the type and eittent of validation 
undertaken by the model builders* This information is racorded as 
part of the analysis, along with suggestions for other future vali- 
dation af farts, finally, the structural characteristics of the 
models and their data sources were compared in order to daterTaine 
the possibilities for model interaction and any modifications that 
might be necessary to accoBmodata these interactions. The analysis 
and description of the four models is presented in the following 
chapters of this report. 

Organisation of the Report 

The following four chapters of this report present the raiults 
of the analysis of each of the four nursing manpower models* The 
main body of the report (Chapters 2 and 3) consists of the compre^ 
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hensiva dfiscription of the four models in an stterapt to assiit 
potential model users in determining appropriate application areas 
for each roodel* Chapter 2 provides individual overviews of each of 
the four nodeli that highlight their significant featurai in a com- 
parative faihloni while Chapter 3 aontains a more dttailed analysis 
that focuses on each model's intended useS} coiaprehtnsivenesa ^ theo- 
retical cons truotion, and opgrational feasibility* In Chapter 4, 
the validit}f teats performed by the model buildifs ^tm first 
described^ and then selscted future validity tests are proposed. In 
Chapter 5^ two types of model interaction possibilities are eKam^ 
ined. The first type may bt referred to as vertical interactions, 
in which the inputs and outputs of two or more models are directly 
linked. The second type may be referred to as horiiontsl Interact 
tlons, in which the outputs of two or more models are compared in a 
more infoiroal way such as to reassess the results of one model with 
the outputs of another or just to provide a range of alternative 
forecasts* 
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II. OVIRVIP* OF rai DIVISION OF NURSING MODILS 



Tht four niodela dsserlbed in this report were developed in 
rtgponii to apeelfie needs and objeativai of the Division of Nurs- 
Lngf atid differ from one another in terms of poliey iasues thay were 
dtsign^d to address, geographicaX coverages modeliiig teehnique, data 
requirwents I and so forth* Therefore^ in order to aisiet potential 
model uaars in evalufiting the useftilnesi of each model for particu- 
lar applications, the significant features of each model will be 
diseribad in this and the following chapter. In this chapteri brief 
descriptioiis of each model are prtaentedi along with a coropflrlsbn of 
the four models presented in a iet of tables that ainnoarize several 
of their kmy features . This will provide an overview which will 
serve to distinguish the four modils in terms of the types of fore" 
Qtsts thay produce* In Chapter 3, a more detailed deacription of 
each iD&del Is presented that focuses on intended useSf comprehend 
siveness of the coverage, theoreticsl construction^ and operational 
f easlbilityi 

A. OVERVIEW OP THE FOUR MODELS 
VECTOR KQPELS ! 

Vector Research was given a specific mandate to develop a nurs- 
ing aaapower model for the purpoet of evaluating the effaeti of 
Chret anticipated health system changes on future requiraments for 
aursasi^/ rheie changes involvad the implementation of NHIj 
pinded enrollments in HMOiy and the reformulation of nuraing roles* 
Thereforai the Vector model was specifically deiigxied to enable 
model users to aimulate a variety of alternative scenarios involving 
one Of ttora of these changes and to estimate the resulting loip^et on 
nursing requiraments* The final report of the Vector project, in 
factj consists primarily of a daaeription and interpretation of the 
rtsults of sevoral of these ilttulations. 

Th^ Vaetor model conslats of three separate modulaa Chat provide 
forecasts of the future tJ,S» population, health service damands, and 
nursing raquirements. The pojiulation forecasts are based on Bureau 
of Census^ projections of the diitribution of age asd seK cohort^ 
over tune and census atatlstics oh the income distribution of the 



y vers ions of the Vector model were developed and are opera-- 

tionali a national modal mi t state model. The national model 
was deve loped first, and then a state model was developed that 
Is sifflllar to the national model in all respe\cts. In fact, the 
state model supersedes the national model in the sense that it 
can also produce national fericasts either by aggregation or by 
ufilng mtional data as inputai 



population. In addition, these population forecasts also character- 
ise eohorts according to health insurance coverage and IWO enroll- 
ment* The damand--for-seryices foriaaats are based on the population 
projaetions, and art aatimated for aiK separate provider aet^ 
tings .2/ This is done by ffiultlplying the population In each cohort 
by estimates of per capita demandi for each type of health service. 
These per capita dtinand estlaatea are based on data from the 1972 
Health Interview Surv^ay. Finally, future nursing requirements in 
each employment setting are estimated by multiplying the projected 
health service dtofandi for each setting by appropriata nurae staff-^ 
ing ratios .3^/ The staff Ing ratios that ara usad by the modal are 
Intended to reflect the existing practice with respect to the levels 
of nursing care providad to the population. In the current version 
of the model ^ the reqxuirements forecasts are produced only for RNs. 
However p the modal can be easily modified to produce LPN require- 
ments forecasts as i^ell. 

The Vector ffiodil does not produce nursing supply forecasts. 
Therefore I the model user must have available independent supply 
projectiena in ordtr to derive eatimacas of future nursing shortages 
or surpluses. The model builders used recent nurae supply projec- 
tions made by the B^jreau of Health Maiipower in a comparison with the 
model's national requirements forecascs# 

Examinations of the effects of health system changes ara done by 
allowing model users to ineorporate into the forecasts different 
assumptions concerning the timing and magnitudei of these changes , 
For example, in order to examine the effects of a proposed NHI plan 
on nursing requirements^ the model user can specify the values of 
certain input paraiaeteri that define the type of plan being, consid- 
ered, the year in whicli it is adoptedp and the period of time over 
which it is phased into eKlstenc^e* In a flimilar manner, the model 
user can develop fos^acaits involving higher formation rates for new 
HMOSj greater use ©f the nurse practitioner in physicians* offices , 
adoption of the primary nursing concept in hospital inpatient units* 
or new rolei for clinlcial nurae apeclalists* In this way^ the 
Vector model dan be used as a flexible planning tool for guiding 



2/ These aret ahMt-term hospital inpatient unitsj hospital out- 
patient and emergency unitsj phyaiciana- offices i nursing care 
homes I HMO clinical and home health care- 
s'/ Nursing requireEieiits forecasti are produced for the following 
employment setting!* short-^term hospital inpatient units} hospl^ 
tal outpatient and emergency units | physicians' offices! nursing 
homesj ffliO clinicaS community healthi non-^ihort-^terta general 
hospitalsi private dut^ nursing^ and nursing eduoationp Hursing 
requirements in the latter four settings are estimated indepen^ 
dently of the health service demand factors. 
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nurse supply policies at the state and national levels i Repeated use 
of the model In this nanner is facilitated by tUe low comput^f costs 
asfoelated with taeh projeGtion. V^eetor Research has indicated that 
each state projeet involves computer costs of only $12* 

If tht model ii used i/ith the existing data haaei to addfiss the 
typei o£ issues for ^^Ich it was designed^ the data requirementg 
aiaociated with operating the model would be limited to values for 
the previously mentioned scenario-defining input parameters. In 
order to verify and properly interpret the model's results^ persoii"^ 
nel who are f miliar with nursing trends and health care statistics 
should be availabli. 

CSF MODEL 

The model developed by Conm^nity Systems Foundation, Ltd. (CSP) 
is intended to be used by the Division of Nursing and health care 
planning agencies as a nurse manpower planning tool at the state and 
substate levels. The model produces both nursing requirenients and 
nuraing supply foreeasts^ although the model does not provide foar 
the interaction of these two forecasts* The model , nevertheless 5 
can be used to determine the likelihood of future nursing shortages 
or surpluses in specific geographical planning areas* 

The CSF model consists of three types of submodels 1 a set of 
submodels that forecast health service utilisation in acute care and 
long-term care settingfei two submodels for forecasting nursing 
requirements in ambulatory care and ooomunity and public health care 
settingBi and submodel for producing nurse supply projections « The 
health service uti ligation submodels were constructed using multiple 
regression procedures , and are used to forecast patient days of care 
in specific types of acute care and long-term care facilities ,4/ 
These facility-specific submodels (such as regression equations) 
require input data describing the future characteristics of the 
population and the health care system within the geographical area 
served by the institution being modeled* The forecssta produced by 
these submodels are translated into future nursing requirements by 
multiplying the utilisation estimates by the appropriate nurse 
staffing ratios* 

In contrast with the acute care and long-term care submodels^ 
the submodels in ambulatory care and community and public health 
care settings produce county level forecasts of nuraing requirements 



4/ Acute care institutions ate classified according to BtzBf con** 
troll technologyi and teaching atatusf long-^term care inititu^ 
tions are classified according to i^ise and control* The spe-^ 
cific submodels that have been constructed are described in more 
detail in Chapter 3, 
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directly. These forecaata are made via simple trend projectioni of 
hiitorical nurse emploj^aent data. 

The iupply aubmodel is based on a national naodel of nurse supply 
that was developed previously by Research Triangle Institute _5/ and 
modified to take account of nuree migration at the aubstatt level. 
This is essentially a flow model of nurse supply that increments the 
existing stock of nurses each year by taking account of additions to 
supply (such as new graduates j new foreign nurses^ ln=migration| and 
so forth) and subtraction froin supply (such as license expirations i 
out-'inigration, and so forth) * The outputs of this submodel are 
age-apeeif ic forecasts of both the licensed and active supplies of 
RNs and LFNs for county or multiple-county areas* 

While the modeling approach differs for the acute care and 
long-term care settings i on the one hand? and for the ambulatory 
care and community and public health care settings i on the others 
the concept of nursing requirements is similar. For all settings, 
the requireEients forecasts are intended to represent the number of 
nurses that would have to be employed to meet future demands for 
health services ^ while maintaining current levels of nursing care* 

The supply projections can be compared with similarly aggregated 
nursing requirements projections In order to derive estioatea of 
future nursing shortages or surpluses! However ^ it should be 
restated that the requirements and supply forecasts are independent 
of one another, and do not reflect the interaction of supply and 
demand in the nurse markets* Therefore^ the derived shortages or 
surplusea are not equivalent to the market'^based concepts of excess 
demand or excess supply. Thua^ a projected nursing shortagai for 
eKample, would not necessarily correspond to the number of nurses 
that the market would actually absorb ^ ahould they be made avail- 
abliy at existing wage rates * 

Finally, it is also important to note that the primary factor in 
determining both the types of submodels that were eonstruetedp and 
thair forecasting accuracy j was the availability and. re liability of 
data at the substata level* A specific provision of the CSF project 
was that the developtnent of the model and its use were to rely on 
data that was already generally available* The American Hospital 
Association (AHA) and the Hospital Research and Educational Trust 
data are mainly used for the model development • 



5^/ Jones J D*C*i et al| Procedure for Projecting Trends in Regis - 
tered Nurse Supply y Research Triangle Institute ^ March 19755 
(Contract number s N0l*^jNlJ^441 23) * Division of Nursing, Bureau of 
Health Resources Development, HRA, DHEW* (unpublished report) 
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Tht CSF model has bean inplemented and evaluated at three teat 
sites I 6^/ whiira the model builders found that aatiafactory data for 
model operation vera available^ However, the amount of historieal 
data and thei:c reliability can be tKpected to vary substantially 
among substate areas ^ and this will influence the amount of effort 
required in data collictloni as vmll as the accuracy of the model ^ a 
forecasts. For exainple, input data required for the health service 
utilization subioDdals consist of projeatloni of the characteristics 
of the populatien served by specific faellitiesi but only a few 
years of detailed Buriau of Census data are likely to be available 
for most substate areas. Therefortj model users will have to base 
the projections on data from local sources or ust other methods of 
making the required projections. The uttli2ati©n forecasts also 
depend on input data that project over the forecast period various 
health ayatem charaeteristics of each subatate area. For reasons 
such as theae^ the nsdel bulldera iuggest that it would be desirabli 
to take full advantage of the knowledge and experience of local 
health care planners in verifying and poaiibly modifying the model's 
forecasts. 

The costs involved in operating the modal have not been documen- 
ted fully. In diaeuasions with the Applied Management Sciences 
staff I the CSF staff istimated the computer costs per simulation to 
be $200 to $4O0, The time required for colleetion of the data for 
each area was istimated to be Crotti two to three months » 

PUGH-ROBE RTS MODEL 

The Fugh-^Robirts model is developed with an equation system 
referred to as Sy a ten Dynamics . The System Dynamios models are 
variants of the operation research type models and consist of an 
initial set of variablei whose values define the starting point for 
the model projeetions. These variables are called level variables* 
While it is tempting to refer to them as stock variables, they mayi 
in realitys represent flows. To saoh of these variables Is then 
applied a rate of change that can bei In turni a function of other 
model variables « in essence$ then^ the System Dynamics model is a 
series of differential equations* The solutioti of these equations 
in terms of equation specification and parameter value asaignment is 
handled by a software package called DYNAMO * 

The Pugh-*Robarts model is a mtiona;l model and does not concern 
itself with the distribution of nurses within the country. However, 
it is concerned with the nurse dlatribution between employment set- 
tings and between the types of educational training* In dealing 
with these nongeographical diitributional problenSi the model con- 



6/ The CSF model was tested in ^^ashington, D.C,| Madison, Wiscon= 
sin, and the entire State of New Mexico. 
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eentrates on the relacianihlpa showing how various factora affect 
the nunber of nursta in aach job setting mnd edueational program 
rathar than on «lining the clasaif ication of thett. 

The nature of the Pugh-Roberts model allows an examination of a 
wide variety of issues. However ^ tiae and reaources did not allow 
the model builders to run simulations of all possible policy issues. 
Instead^ they have choaen to examine several policy issues, such as 
the relative impacts on nursing and health care sector of the Ml 
programs, the impoaition of strict utilisation control measures, the 
eKpanding reiponsibilitiea of nurses, the upgrading of nursing idu- 
cation, and the changing structure and level of the average wage of 
nurses , 

The baseline projection of nursing requirements in the Fugh- 
Roberts model involves making projections of nurse demand and 
supply, under the agaunptlon that external and other variables will 
influence the demand and supply in the future in the Bamm manner as 
indicated in the hiatorical trends. The projected number of nuraes 
required consists of the difference between the projected nOTber of 
nurses demanded and that of nurses supplied. Clearly, then, the 
required nurses are equivalent to the eKcess demand that results 
from the aquilibrating process of the dynMBic property of the model. 
Given the baseline projections^ the effects of various policies are 
examined by modifying or altering these projections according to the 
changes induced in key variables by the implementation of policies. 

There are four aections in the Pugh-Robe^ts model. They are the 
nurse educationi nurse employment, nurse demand, and demographic 
(population) sectors* Isaantiallyj each sector rapresents relation- 
ships showing how various factors affect the rate of inflows into 
and out of the respective sector. For eKwaple, the nurse employment 
sector representa relationships showing how various factors affect 
the number ©f nurses entering and leaving the employment sector^ 
whereas the nurse education sector represents relationships showing 
how various factors affect the number of persons entering the nurse, 
educational programs and the number of graduates and dropouts from 
them. The demogfaphic sector represents key demographic character^ 
iatics of the total population and nurse population and how they 
affect the other sectors. 

Clearly* then, the Pugh-Roberts model is market-^oriented in that 
market demand and supply form the basis of projecting nursing 
requirements. Purthermore, the key variables chosen by the model 
such as nursis average wage rate, the demand for health services, 
the job satiaf action of nurses, and so forth , closely resemble those 
hypothesised to influence the demand for supply of all types of 
profesaional personnel. The relationships between key variables are 
specified by multipliers. The multipliers in the Pugh-^Roberts model 
are eatinated according to the judgment of the Task Force baaed on a 
variety of data* 
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In order to refina the Pugh-Roberts model, four types of valida- 
tion tests were performed* First, face-validity checKs of initial 
ftimulatioft i^sre conducted by the Task Force. Second, the forecast 
eonaiataiicy was checked by serutinizitig the aimulatioti reauLts for 
the firit four years of simulation (1972-76), and then by cooparing 
them if^ith any available data for those years, Third^ the historical 
tifaaking ability of the model was checked by running iimulations for 
the recetit past period (1952--72) and by coraparing the reeulta with 
the hiaCorical data. Finally, policy-- impact forecasts are simulated 
and examined as part of sensitivity tests. 

The Fugh-Roberts model uses DYNAMO III language. It is esti- 
mated that the coat per run is about $20* A variety of data is 
required J such as published surveys of a broad nature, reports of 
studies directed at particular relationships, and ejcpert judgment, 
Peraoniial with aome familiarity with computers and health statistics 
are needed to use the model i 

WICHE MODEl 

Xh^ WICHE modal differs from traditional health manpower models 
In that It does not define structural relationships between the 
aeleet^d model variables. Rather ^ it presents variables to be 
Included in the model and it guides the construction and estimation 
of rsiationships among them* The guides that are present consist of 
past data on relevant relationships and various factors affecting 
them. 

Th^ niodel is designed to be a guide for planning^ with inputs 
from a panel af experts. An expert panel plays a pivotal role in 
aiaking projections according to the process formulated by the model. 
Tha ksy structural relationshipi of the model are to be defined by 
the panel through a consensus approach on the basii of the back- 
ground data and information provided by the model, rherefore, the 
aelection and composition of the panel members largely determine the 
outcome of projections* The criteria for selecting the panel 
members are that they possess the requisite expertise in their 
fields and that they bring with them diverse perspeetives* It is 
reeofimiMded that the panel members' backgrounds include nursing 
education, nursing servicei higher education, health planning, and 
consyoaer representation « 

In order to help model users, the WlCHl model providei five 
types ©f documents* The main body of the report describing the 
proaesa la called A Guide for State^ievel Planning i The guide is 
designed to assist state^level decisionmakers in nurilni^ health 
planningf and higher education communitiea. It contains mathemati- 
aal pfocedures that may be used to project nursing resources and 
requirafaenti . The remaining four documents consist of users ' 
manuals for requirement calculation software, resource calculation 
software, profile data base, and profile report generation syitemp 




In providing a guide for making these projections, the model 
addressea several broad policy ifisues* Meeting the state's require-- 
ttenta for total nursing peraonnel and those for appropriate job-mix 
for nuraea are the two most important issues addressed. The other 
important iesues deal with how to develop the appropriate nursing 
educataotial progriBQS and itate pro|rams to judiciously influence the 
inflow and autflaw of nurses into and from the state. 

The "WECHE model emphasiies the importance of achieving the 
optimrai distribution of nursing jobs within the state in terms of 
eroploy^eut sitting and educational preparations* More than any of 
the other models, the WICHE model refines the elasaif ioations of 
employment setting. It divides health serviees to be provided into 
six broad categories according to provider/practice settings. They 
are furtlisr divided according to the types of services provided into 
34 atHploytflent sittings « The model also provides a guide for pro^ 
jeeting IpN requirements and RN requirements of four levels of 
educational preparations and four eatagories of nurse job functions* 
A total of 355 cells of requirements are reported by the modal. 

The t^rCHl modtl's projections of nursing requirements are based 
on the nead concept rather than demand concept. Given the need for 
providing health services required to treat the projected prevalence 
of ailmenta of the state's populatlonf the model askS| --How many and 
what types of nursing personnel will be required?" The process of 
projections that serves as the framework for quantifying profas-- 
sional juigmiiit involves a vary traditional approach # That isi it 
involves projeating the stata's population by agaj race or ethnic- 
ityj arid incoffle group based on Bureau of Census projections. Then 
the prevaieace rata of ailments of the population cohorts is used as 
background material as obtained by the opinions of experts in epide-^ 
miology. The next step involves estimating the number of nursing 
personnel required to provide the volume of utilisation as deter"- 
mined frotsi the background data« As shown above ^ the WICHE model's 
recomiendsd process of projecting the nursing requirements conforms 
to the traditional methods What is diffarent is that the conversion 
of one projection into the naxt one is to be based entirely on the 
judgminta of axpartSi who ara provided with relevant past data to 
aid them in fflaking the judgnants* 

The T^ICHI model's projactions of the state's nursing resources 
are to b^ nade using a traditional injection- leakage method of man- 
power sufply^i This method involves estimating the inflows to and 
outflows fron the manpower supply pool. Tha inflows or injections 
into the state's nurse supply are expected from three sourcesi new 
graduates Iron nursing ichoolSy inactive nurses becoming active ^ and 
Immigrating nurses. The outflows or leakages are aKpected from four 
sources: ritiiOTenti including those becoming temporarily inactivej 
and death| suspension of licenses | reeducation^ and out-migration. 
Tha esttnations of the rates of inflow and outflows are again to be 
baaed on professional judgment. 
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The WICHE modil includes Requlrementg Calculation Software and 
ReflQurce GalcuIatlQn Software bitten in FORraM IV laiiguage. 
Personnel with aone fattiiliaifity with computers can easily uae th€ 
software paokagas by identifying the "aaiumptions" that specify key 
relations* Although the cost of a computer run is relatively ineK-* 
pensive^ estimated at $20 per run, the model builders estimate that 
to collect the necessary datSf convene a panel of experts to obtain 
the %BB\mptiotiB p and to operate the computer prograns will take froo 
6 to 9 months. Although no formal validatien tisti have been under-" 
taken, f aee--validity checks were conducted as the panel of experts 
produced the eitloates of key relations. In addition, pilot tests 
of the model were conducted in six States* 

B. COtffARlSON 01 THE FOTO MODELS 

In this gectionj the four Division of Nursini models are hriefly 
compared in tabular forra in order to offer a synopiiied view of the 
key features of each model * figure 2,1 shows that a variety of 
policy Issues ware targeted by the four roodels* The Vector and 
Pugh--Roberta modela designed to examine the effects of a variety of 
health policies^ whereas the CSF and WICHE models were designed to 
be concerned mainly with projecting future nurse shortages or sur- 
pluses. As for geographic coverage^ Figure 2.1 shows that the 
Pugh^Roberta modal is a national model, whereas the I^IGHl and Vector 
models 7^/ are state models. However ^ the WICHE model ean be used to 
make projections at substate levels, and the Vector model is aleo 
capable c£ producing national forecasts by aggregation. The CSF 
model generates institution-specific forecasts for the most part, 
but produces county, aulticountyy and state levels of forecasts via 
aggregration of the institution-specific forecasts. 

finally, Figure 2,1 displaya a wide variety in the nurse 
requirements concept used by the models. The concept used by the 
Pugh^Eoberts model is narket-oriented, with nurse requirements 
measured as the difference between nurse demand and nurse supply so 
that the concept is close to that of a market shortgage or surplus. 
The other three models , however, do not employ narket^oriented con^ 
cepts, at least not in a direct sense. For exmple, both CSF and 
Vector employ nurse requirements concepts that establish nurse staff 
ratios via the current fflarket situation, future nurse requirements 
are then based on the desirability of maintaining these staffing 
ratios. The WICHE model, however, embodies a concept of desirable 
staffing goals in its nurse requirements projections i with only a 
limited reference to the feasibility of obtaining such goals* 



As stated earlier and as will be described In more detail below, 
Vector Research actually produced two fflodels-^^a national model 
and a state nodal— but both are similar in structure and will be 
described as a single entity for convenience of expositloni 
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FIGIH 2.1! TARGET POLICY IBSUi, GEOOMHICAL COVERAGE, AND i^UIMNTS 
COIEPT USED BY Ml OF THE FOUR DIVISIONS OF NUR31!IG 
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As Figure 2.2 shows , a distinctive modeling technique ii used by 
each of the four models. The Vector model makes forecasts by using 
a series of ratios. For exanple, the service-demand projections are 
made by multiplying the population cohort projections by estioatos 
of per capita health servloe demand. Theni nurse requirements 
projections are made by multiplying the health service demand 
projections by nurse staffing ratios. On the other hand, the CSF 
model relies on step-wise regressions to estimate the functional 
relationships of health services utilisation submodeli. These sub-- 
models produce institution^speeif ic forecasts of health service 
utilization in acute and long-term care settings. Then, like the 
Vector model ^ nurse staffing ratios are used to forecast nursing 
requirements. That is, the health service utilization forecasts are 
multiplied by nurse staffing ratios to produce nurse requirements 
projections* 

The Pugh-Roberts modeling technique is sho™ in Figure 2. 2 as 
consisting of a series of differential equations and as a variant of 
the operations research type models. The model views the working of 
the health and nursing sector as a dynamic process whose structure 
IS defined by differential equations. Nurse requirements and nurse 
supply projections are then based on the solution of the equation 
set, in contrast I the WICHE model differs from traditional health 
manpower models in that it does not define structural relationships 
between the selected model variables. Rather, it presents variables 
to be included in the model to a pan^ftl of experts, and guides the 
construction and estimation of relationships among them. The guides 
consist of the past data on relevant relationships and the presenta- 
tion of an array of factors that may affect them. Given the guides 
and procedures, nurse requirements and resource projections are then 
made on the basis of the opinions and judgments of the expert panel. 

As expected from the diverse approaches taken by the four 
models, the nurse supply forecasts (as opposed to requirements fore- 
casts) also differ as to both coverage and type. Figure 2,3 shows 
that the Vector model does not generate nurse supply projections at 
all. On the other hand| the CSF model produces the nurse supply 
forecasts at the substate level based on the Research Triangle 
Institute -8 national modeli the Pugh-Roberts model generates projec- 
tions of nurse supply at the national level | and the WICHE model 
generates supply forecasts at either the state or the substate 
level, ^ Vniila only the Pugh^-Roberts model uses its supply forecasts 
in an interactive fashion with its demand forecasts, Figure 2.3 
shows that each of the three models that produce nurse supply fore- 
casts uses variants of the injection^leakage model of manpower 
supply. The CSF model bases its nurse supply forecasts on the flow 
in and out of nurse supply estimated by age-specific activity rates 
and survival probability. The Pugh-Roberts model makes nurse supply 
forecasts by estimating the number of new graduates, loanigrating 
nurses, nurses returning to work| those quitting nursing jobs, and 
those becoming inactive. The WICHE model provides a procedure that 
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FIGURE 2.2: MODELING TiCfflllQUES USED BY THE FOUR 
DZ VIS IONS OF mmSING MODELS 
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The Pugh^Roberts model is a System Dynamic oodel, 
which is a series of differential equations expressed 
in DYNAMO language* The model Includes an initial set 
of variables whose value defines the starting point for 
the nodel forecast. These variables are called "level" 
variables to each of which a rate of change is applied. 
The rate- of, change can be, in turnf a function of 
other nodal variables « 


WICHE 
MODIl 


The WICHE Model provides a guide for planning by 
presenting the procedure model users may use to 
project nursing requirements and resources. Given the 
procedure 1 it is up to the model users to make the 
projections based on the opinions and judgmentj^.a^''^ 
eKperts , 
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FIGURl 2. 3 1 NURSE SUPPLY COI^RAGIS OF THE DIVISION OF NURSING MODELS 
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prajaetions in OTdmt to derive estlnatae of futura nursing 
shortages or malysas. In the final report of the Vector 
projaot, nursing requirements forecases under various 
scenarios are oompared id.th recent nurse supply projeetiens 
made by the Bureau of Health Manpower. However ^ the authors 
of the model do compare their requiremMnts forecasts with 
reeent nurse supply projeotions made by the Bureau of Health 
Manpower. These eomparisons are diseussed in the final 
report of the ?cotor projaot. 




CSF 
MODEL 


The CSF model Ineludes s£i indepandent nurse supply submodel 
for forecasting both the active and licensed supplies of ENs 
and LPNs at the substata level. This submodel is a modified 
version of a national modal of licensed nursa supply devel- 
©pad previously by Eesearch Trlmgle Institute- Inputs 
to the submodel are the follwingi aga^specific activity 
rates and survival probabilities j and projaetians of new 
graduiLtesi new foraign nursesf rainstatemants , new andorse^ 
mantss lieanse ascpirationsf and nursa migrations Outputs of 
the submodal ara the supply of full-time aquivalant LPM and 
HN personnel* 
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MODEL 


The Wicn model's projection of nurse resource is based on 
an injection^leakage modal of nurse supply» Given tha 
numbar of active nursas in the base yaari tha supply 
projection is to be made by adding the estimated ntmber of 
nurses axpacted to enter the supply poolj and then subtract* 
ing the nimber of those ascpected to leave the poal« The 
inflows or injactions ara asipacted from three sources i 
nw graduates from nursing schools | inactive nurses becoming 
active 1 and immigrating nurses « Tttm outflows or leakagas 
are expected ttmm four sources I ratirraantp including those 
becoming temporarily inactive i and death | suspentlon of 
licansei reeducatloni and outmigratlon« 
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cm hm uaed to preject the number of people enteriRg the active 
nurse supply pool, as well as those leaving it, so that nurse supply 
foracasti can be made on the basis of these projections. 

Figure 2.4 was prepared to show that the demographic coverages 
among the four models are similar , except that the Pugh^^Roberts 
Dodel Includes fertility and death rates in addition to age category- 
ies* The other three models all include age, race or ethnicity 3, and 
incoaei with the Vector model adding family status* Care should be 
takenp however, to point out that the demographic coverage relevant 
to the CSF model is the service area of each of the institutions for 
which employment or requirements are to be projected, whereas for 
the other three models the relevant geographic coverage is the polit-^ 
ical area under consideration (such as an HSA, a state, or the 
natian) • 

The two final siOTmary comparison figures are closely related* 
Figure 2*5 displays the types of nursing personnel handled by each 
of the models I whereas Figure 2.6 shows a comparison of the variety 
of employment settings addressed by the models. In neither set of 
comparisons should the conclusion be drawn th^t because more nursing 
types or more employment settings are addressed by a given model, it 
is better in relation to the other models. The mount of detail 
Included in the forecast is only one of several dimeniions by which 
a model must be judged, and reliance on this dimension for a judg^ 
Tflent in the absence of other dimensions, such as accuracy, cost of 
implementation I and so forth, is not advocated. 

In examining both final figures j it must be pointed out that the 
assignments of coverage in many instances is only approKimate 
because of the differences in definitions among the models. At the 
same time, the array of "x" for each model describes only the mar- 
ginal distribution of coverage and not joint distributions. That 
iSi an indication of coverage of both RNs and LPNs, and an indica- 
tion of coverage by a variety of nursing specialties (or educational 
background or employment setting) does not indicate that both RNs 
and LPKs are projected by these specialties (or educational back- 
ground or employment setting)* For this level of detail ^ reference 
must be made to the descriptions in Chapter 3. 

Figure 2.5 shows that all models are capable of providing fore^ 
casta of ENs as well as LPNs, In additionj all models except 
Pugh^Roberts are designed to forecast nursing aide requirements. 
Only the fugh-Roberts and WICHE models track nurses by educational 
background, while only these two plus the Vector model track nurses 
by type of position or functional role in the job market. The last 
manpower type category on Figure 2.5 is patient care specialties. A 
number of specialties are covered among the modelif although only 
ambulatory care nurses are included in all four models. Many of the 
specialties indicated herein were determined by implication from the 
itoployment settings indicated in Figure 2.6, so some inconsistencies 
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FIOTRE 2, 4 1 DEMOGMPHIC COVEMGES OF THE DIVISION OF NURSING MODELS 



VICTOR 
MODEL 


The Vector nadel Includes a papulation module that 
projects the futute U.S* population in terms of the 
type of health Insuranet coverige offered to indi- 
viduals in speeifie age/seK/family income/family 
statue cohorts, ^is module consists of four sub- 
models: (1) A population submodel that projects the 
future U.S. population in terms of agei sex, fMily 
income s and family status groupings. This submodel 
marges Bureau of Census projections of the distri- 
bution of age and seK cohorts over time with Census 
statistics on the income distribution of the popu- 
lation* (2) An IDiO submodel that projects the ntjpsbar 
of persons enrolled in IMOs by age and sex in each 
year. (3) A health insurance submodel that describes 
the fraction of each population cohort that is aligl- 
ble for health insurance plans. (4) A health consifflier 
submodel that combines the outputs of the first three 
submodels to produce the output of the population 
module. 


CSF 
MODEL 


The CSF model uses aensus tract or county level data 
as inputs to the submodels that forecast health ser^ 
vice utilisation in acute care long-run care Institu^ 
tions. These data aharacteri^e the population in 
terms of age, sexi ethnicity^ and income and are 
adjusted to provide approKimate coverage of each 
institution* s patient service area. 


fUGH- 
ROBERTS 
MODEL 


The demography sector of the Pugh^Roberts model pre^ 
sents the Nation's population in terms of its total 
size and distributioti mong 10 age categories, and the 
fertility rates and death rates for members of each 
age category. The number and age distribution of 
inmigrants is also presented. 


wicio: 

MODEL 


In the WICHE model, population is to be projected by 
three age groups » three races or ethnicities, and two 
income groups. 
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FIGURE 2,S8 division OF NURSING MODEL FORECASTS OF NURSING 
REQUIREMENTS BY NURSING MANPOWER TYPES 
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FIGURE 2.65 DIVISIOM OF NURSING MODEL FORECASTS OP NURSIMG 
RIQUIREffiNTS BY llffLOYlffiNt SITTING 
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among the specialty definitiona of the modela may be anticipated due 
to varyltig definitions with regard to the employment settingi among 
the models , 

Figure 2,6 Indieatei § fsirly consistent coverage of employment 
settings araang the models s although with soaewhat less detail iKhib^ 
ited by Veetor and Puih^Roberts p particularly with respiet to units 
within hospitals. Plgure 2.6 produces only a rough guide to the 
comparability of the four models with respect to coverage, however. 
Reference to the details of Chapter 3 will reveal further differ- 
enoes as the definitions and schemes of categoriiatien are identi- 
fied « A very large tixmhBt of potential comparisons is possible i 
with the number limited only by the interests of the investigator. 
Therefore^ rather than try to anticipate each of them, and in the 
process introduce potential misunderstanding through attempts to 
reooncile the varying definitiona and categorization schemes Mong 
the models, it is clear that it is more efficient for the Interested 
reader to make his/her o%m comparisons from the detaila of Chapter 3, 
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III. 4PPLICATiON OF 1HE FRAMEWO^ OF ^AYSIS 
TO THE FOUR DIVISION OF NURSING MODELS 



In tha preceding chapteif| the four Division of Nursing models 
hflva been briefly described in an overview that siiffiDQarizes the 
signifieant features of eaah. This chapter describes the madeli in 
tarms of the major components of the analytiaal fraoework and is 
organised into four sections. In the first seetioni the four modeli 
are described in terms of the policy issues they were designed to 
address and are capable of addressing prOBpectivily , their geograph^ 
ical coverages, and the nursing requirementa concepts they utilise* 
In the second section, the models are described in terms of the 
comprehensiveness of their coverage of specific elements of the 
nursing and health care aectors* In the third aectloni the theoret- 
ical considerations underlying the developnent of each model are 
discussed. The last section describes the riaDurces required for 
implementing the models. Table 3.1 presenta an outline of this 
framework of analysis as it will be applied to the four models- The 
descriptive format will include indepth narrative discussions of 
each model's charactariatlos accompanied by disgranmatic presenta^ 
tions. As an aide to the reader. Table 3.2 is also included and 
prasents the location of each of the descriptions referenced in 
Table 3.1. With the information containei in Table 3,2, this 
chapter may be employed by the reader either to obtain a fully 
structured and detailed description of each of the models or to 
develop comparative references between two or more of the models* 

A, PUHPOSE AND USES 

All four modeli^ were developed for the Division of Nursing in 
order to provide estimates of future nursing requirements, but each 
model focuses on different issues and different aapects of the 
requirements estimation problem. In this section j three key 
features of the Division of Nursing models will be described in 
order to provide a clear statement of the original purposes and 
objectives of each model. These descriptions will assist potential 
model users in identifying additional uses and application areas for 
each model by clarifying the types of forecasts each model was 
designed to produce and the types of policy Issues that have been 
examined with each of the models. In particular, each model will be 
eKamined with respect to I 

• geographical coverage 

• the policy issues initially designed to be addressed 
m the concept of nursing requirements adopted 

VICTOR MODEL 

The original purpose of the Vector project differed somewhat 
from that of the other three projects sponiofed by the Division of 
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TABLE 3. li OUTLINE OF TRl FRA^ffiWORK OF ANALYSIS 



A. 


PURPDSE MD USE 




• Tfltget policy issues 




• GeQgraphioal coviraga 




• RLiqulrefliants eoncept 




COb^REHENSlVENESS 




ft Characterlsties of the population 




• Hiirse eoploymtnt settit^gs 




• rypes of nursing persanneL 


C. 


THEOILETICAL CONSTRUCTIOJ? 




• Descriptions by module or seetor 




OPERATIONAL PEASIBILITY AM COSTS OF 








• Cooputtr and personnel requirements 




for iBiplaniantition 




• Data raquirements 
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TABLE 3.2 J PAGE RIPBPJNCES TO MODEL DESCRIPTIONS 



Description Item 


Model 






Pugh- 
Robgrti 




FUKPOSE AND USE 






J - Id, 




Target Policy Issues 










Geographiesl Coverage 


3.8 


3.11 


3.16 


3.21 


Requirementi Goneept 


3.8 


3.12 


3.17 


3,22 


COHPREHE N S I TO Nl S S 


3,23 


3.27 


3.33 


3.33 


Population Chiracterlstias 


3.23 


3.28 


3.33 


3.36 


Iffiplo^ent Settings 


3.26 


3.28 


3.33 


3.37 


Types of ParsonnaL 


3.27 


3.30 


3.35 


3,38 


■raBOEETIC^ CONSTRUCTION 


3.43 


3.53 


3.59 


3.72 


Description by Module 


3.43 


3.54 


3.60 


3.72 


OPERATIONAL FEASIBILITY 


3.75 


3.79 


3.82 


3,84 


Resource Requirements 


3.77 


3.79 


3.82 


3.85 


Data Requirements 


3.78 


3.80 


3.83 


3.85 
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Nursing* In the caae of the WICHl, CSF, and Pugh^Roberts projects, 
the objective was the development of nurag manpower forecasting 
models that could be used on an ongoing basis by the Division of 
Nursing and other health care planning agenciea. In the case of the 
Vector project, on the other hand| the Division of Nursing was 
concerned primarily with obtaining a one-time asaessment of the 
impact of anticipated changes in the health care system on future 
requirements for registered nurses. The final report of the Vector 
project therefore consists of a discussion and interpretation of 
various scenarios involving spgcific changes in the health care 
system and the eKpeoted impact of these changes on nursing require- 
ments * However, in order to undertake this analysis. Vector 
Research developed a large and comprehensive model of the nursing 
sector, and this model has subsequently been delivered to the 
Division of Nursing* ^/ In this section, the additional uses to 
which the Vector model can be put will be described in more detail* 

Target Policy Issues^Vector Model 

Vector Research was given a very specific mandate regarding the 
issues to be addressed by the project* The Vector model was^ there-^ 
fore, specifically designed to eKamine three types of health ayatem 
changes r 

« the implementation of selected MHI plans 

• eKpanded enrollments in WIOb 

m the possible reformulations of nursing roles 

The implementation of NHI is expected to increase the amount 
demanded of health services by decreasing the perceived price of 
these services from the point of view of the consumer. The measure 
of price used by the model is the effective coinsurance rate (that 
is, the average fraction of expenses paid directly out-of-pocket by 
the consumer)* This coinsurance rate serves to define the type of 
NHI plan being considered* Thus, in order to eKamine the effects of 
a NHI plan on nursing requirements ^ the model user can specify a 
parOTieter value th^ corresponds to the coinsurance rate under the 
plan. This coinsurance rate is then used to compute the price 
effects on per capita amounts demanded resulting from implementation 
of the plan and the corresponding effects on nursing requirements. 
The model Uier can further define the type of MHI plan by spgeiSying 
the year in which it is adopted and the period of time over which it 
is phased into existence. 



1^/ Although the discussion will be carried on as if there was a 

single Vector model produced, two models were actually prepared. 
See the discussion under Geographical Coverage, below, for the 
reasons for this approach. 
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The effaets of WIQ enrollment growth on nuraing requirements can 
also be estimatad with the Vector model. In order to eKamina a 
particulir anrollment growth scenario, the model user can spaeify an 
ffllO formation rate (the number of WOb that beeome operational each 
year) that is used to OOTipute the number of IMO enrollees for each 
year of the forecast period* The growth In HMO enrollments will 
influenoe nursing requirements in hospital inpatient departments and 
HMO clinics 2/ bacause of differencas in the par capita health 
serviee draands of ffllO enrollees and those of non^-IDlO enrollees. 
Therefore, different ffilO formation rates will result in diffarent 
nursing requirements forecasts for the hospital inpatient and IWO 
elinic settings. 

Various nurse role reformulation scenarios can be simulated with 
the Vector model In a manner similar to that for tha other two 
health system changes. That is, the model user can specify values 
for input parameters that ara intended to measure the degree of 
acceptance of three types of role reformulation concepts i institu^ 
tion of primary nursing, new role for clinical nurse specialists, 
and eKpansion of the nurse practitioner role* In this case, the 
model produces separate results that estimate the effect of role 
reformulation on requirements for LPNs and aides as wall as for RNs 
in new and traditional roles. 

In addition to these three issues, which tha Vector model was 
specifically designed to escaminej the model is capable of addressing 
othar related issues as wall» Since the model astimates the changes 
in health services demands on tha basis of changes in the price of 
these services to the eonsimaer, this provides a means of examining 
the effects of future trends in the type and extent of private 
health insurance coverage, as well as the implementation of NHI. 
For eKample, if trends in private health insurance are toward Intro-* 
duclng greater amounts of deductibles while lowaring the coinsurance 
rate, then it is expected that the price effect will result in 
changes in tha rate of utilization of health services. Thus, by 
providing the model with the appropriate price input data, it can be 
used to forecast the direction and magnitude of such changas. Also, 
since the model includes inpatient and nDnpatient settings, it is 
expected that the model will be able to estimate the impact of 
changing the raount of deductibles and coinsurance on the relative 
utilization rate of inpatient care versus noninpatient care. 

One of the most important issues of health care today is the 
question of the optimum mode of delivery of health care in terms of 
its effect on health care costs. In relation to this issua, since 
the Vector model specifically exmines the effect of increasing 



Z/ It is assumed that IWO enrollees use outpatient services in the 
HMO clinic, rather than in hospital outpatient departments or 
physicians ' offices • 
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enrellffisnt growth, the modal can be used to examine the whole lisue 
of fee-for--serviae and espitatlon pajraents, as it relates to the 
pattern of health care utilization and the costs of health services. 
For example, some of the Nation's labor unions and employers are 
negotiating with insurance carriers on the mode of pajraent to the 
providers of health services. If an increasing number of providers 
accept pajmient on a capitation basis, the model can be used to 
estimate the effect on health care costs and the pattern of 
healthcare utilization. This can be done by providing the model 
with data on the number of individuals expected to be covered by 
health care plans involving papaent on a capitation basis. 

These are, of course, only two examples of the ways in which the 
Vector model can be extended to addreas additional issues* These 
two examples are intended to be suggestive only, since the nature of 
the model is such that a wide range of potential applications is 
possible. 

In summary, it can be seen from this discussion that the struc- 
ture of the Vector model enables model users to incorporate into the 
forecasts their own assimiptions concerning the timing and magnitudes 
of the health system changes referred to previously. That is, the 
model user can choose values for certain input parameters of the 
model that define the types of health system changes being consid- 
ered « In this way, various scenarios can be simulated with the 
model, and the resulting effects on nursing requirements can be 
estimated. 

Geographical Coverage — Vector Model 

In order to examine the effects of these specific health system 
changes on nursing requirements at both the national level and the 
state level, two separate versions of the Vector model were devel- 
oped. Both versions of the model address the same policy issues and 
are the same in all respects except for the level of geographical 
coverage and the sources of input data. In fact, the model builders 
point out that the state-level forecasts have been aggregated to 
national totals that were in close agreement with the forecasts 
produced by the national model* In this sense, the state model 
"supersedes" the national model, and it is the state version that is 
Intended to be used on an ongoing basis by the Division of Nursing 
and other health care planning agencies. Since the state and 
national models differ only with respect to the .level of aggrega- 
tion, all diicusslons will apply equally well to both versions of 
the Vector model. 

Nursing Requirements Concept—Vector Model 

The Vector model produces nursing requirements forecasts for six 
different emplo^ent setting by applying nurse staffing ratios (for 
example, the ntuaber of RNs per unit of service) to projected health 
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serviee demandi for eaeh ietting. The reiulting forecasti are 
intanded to represent the nimber of nurses that would have to be 
employad to meet the projected health service demanda and to "retain 
the current level or maintain the current trenda in the amount of 
nursing care provided to the population"* ^/ As a result, the 
staffing ratios used by the model are based on actual employment 
data and reflect existing practicia in providing nursing care. 

By employing this definition of nurse requirements, the Vector 
model produees forecasta "without regard to any eoncomitant or 
eKOgeneous constraints on the availability of nursing resources to 
meet these requirementa'U 4/ There is no concept of market 
equilibrium adjustment contained in this definition, and nurse 
supply is considered to be completely elastic. Of course. Vector 
Research recognises that this assiMption is unrealistic , but it 
believes that it allows reasonable jEorecasts of nursing requirements 
to be produced I against which independent supply forecaits can be 
comparad in order to guide national supply policies. 

CSF MODEL 

The overall objective of the CSF project was to produce a nurse 
manpower forecasting modal to be used as a planning tool at the 
substate (such as county and multiple^county) level. In addition, 
the model was to incorporate demand and supply factors on an 
independent basis into a framework for estimating future nursing 
shortages or surpluses i and was to focus on institutional settings 
as far as data availability permitted. 

Target Policy Issues^CSF Model 

The model was designed to be of general use to HiAs and other 
planning agencies concerned with the distribution and availability 
of nursing resources within the state. Given the structure of the 
model, it is possible to identify ssveral issues that it is capable 
of^addressing.^^A'^^^^^ will be explained below, the forecasts of nursing 
demand in acute care and long-term care aettings depend on certain 
intermediate forecasts of health service utilization in these 
settings i These utilization forecasts depend, in turn, on input 
data provided by the model user that describe the characteristics of 
the population and the health system of the substate area over the 
forecast period. By providing appropriate values for these input 
data^ the model user can examine, for example, the effects of 
different trends in the age or income distribution of the popular 
tion, the number of hospitals and nursing homes, mortality rates. 



3/ The Impact of Health Care System Changes on the Nation's 

RequirementB for Registered Nurses in 1985 , Vector Research, 
Inc ft I Ann Arbor , Mi ch igati « 



4/ Ibid, p.l. 



and so iovth. The «iultlng nursing dtmand forseasts can than be 
conpared with indepsndant nuria supply projectiens^ alsa produeed by 
the msdalj In otdmt to dstermine tht likelihood of future nursing 
shortages or surpluiss* 

In the oaie of thm nurse supply forecasts i the model user must 
provide input data that dascribt several major determinants of 
change in tha future supply of nurses, such as new graduates^ 
activity rates, nursa migration, and so forth. Thartfore, to the 
extant that nursing aducation and other programs can be expected to 
influence thase supply determinants, the model can also be used to 
examine the likely effects of various proposed nursing supply 

policies, e / 

Geographical Covarage— CSF Model 

The original intantion of the CSF model builders was to develop 
individual submodels capable of producing institution-specific fore- 
ciasts of nursing dimand, which could then be aggregated to the 
county, multiple-eounty^ or, possibly, state levels. However, 
because of limited data availability, this approach was not entirely 
feasible. Institution-specific nurse demand submodels ware 
constructed for two of the four emplo^ant settings covered by the 
model (acute care and long-term care settings). The county level is 
the smallest geographical unit for which nurse supply forecasts are 
produced. Therefore, in order to derive estimates of future nursing 
shortages or surpluses, the nurse demand forecasts for the acute 
care and long-term cara settings must be aggregated to the county 
level as well. 

By working from these county-level forecasts, it is, of course, 
possible to aggregate to the multiple-county or state levels. 
However, since state-level forecasts would require that institu- 
tional forecasts be produced for every acute care and long-term care 
institution within the State, the required data preparation and 
analysis would make implementation impraetieal.^/ In addition, it 
was anticipatid at the outset of the project that the model would 
produce only gross estimates of nursing demand at the institutional 
level, and this was confirmed through testing and evaluation. 
Tharafore, based on tests of the modal at three sites, 6/ the model 
builders suggest that optimal application of the model would be at 
the Standard Metropolitan Statistical Area (SMSA) or multiple-county 
planning levels. 



5/ Should a computationally efficient model for state-level fore- 
oasts be required, the model builders recoOTnend that the exiat^ 
ing data base ba used to create county or state-level nuriing 
demand models. 

6/ The CSF model was implementad at sites in New Mexico, Washing* 
ton, D.C., and Hadisonf Wisconsin* 
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NurBiag Rsqylramanti ConQept^^CSF Model 

RiS nursing dsnand or raquirtatnts foracasts referred t© above 
are produced for four types of nuraa employpent sattingss aauta 
carai long-term oarei mbulatory oarap and eomunlty and public 
health care. For tha acute care and long-tam care settings i the 
nuralng raqulraaants concept adopted corrasponds to the nTObar of 
nurses that would have to ba aDployad t© meet projected levels of 
health sarvice demand in thasa sattingsi Tj while maintaining 
current atandards of nursing care. That is, tha model applies nurse 
staffing ratios to the projected numbar of patient days of care 
dananded in acute care and long-term care Institutions that are 
based on axlsting practices in the specific types of institution 
being modalad. For tha ambulatory and coamunity and public health 
care sattlngSi a differant modeling approach was used because of the 
lack ©f adaquata data on the utilization of health services in these 
settings i However, the raqulremants concept is similar to that used 
for the acute care and long-term care settings in that the forecasts 
of nursing requirements are based on projactions of historical nurse 
employmant data. 

, PUGH-ROBERTS MODEL 

Tha Pugh^Robarti model consists of a set of causal relationships 
represented by a set of equations in the DYN^O simulation language* 
These ralationshlps fall into four interrelated and interdepandent 
sectors I 

(1) Nurse aducation sector * represents relationships showing 
how various f actors affect the niaaber of studants in each 
major type of educational program for nurses i the grsdua^ 
tion rates from these programs , and the number of nursing 
school faculty required 

(2) Nurse employment sector ^ represents relationahips showing 
how various factors affect the ntimber of nurses employad in 
each setting and various characteristics of employment in 
each setting, such as nurses* wages and nurses' roles 

(3) Demand sector ^ represents ralationshlps showing how 
variou^ factors affect the health cara provided in each 
sector of the health care delivery systemi the nursing 
needs, and nursing jobs available in each employment setting 

(4) Dempgraphi c s^c t or ^ represents key demographic character^ 
istics of the total population and nurse population and how 
thay affect the other sectors of the model i principally the 
demand sector 



Tj niese health service demand projections are produced by separate 
submodels included in the CSF model. See below. 
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PiguM 3*1 previdas a schematle view of the model. The key 
populatiofi aharacteristiei gpacified in the demographla sector 
influenaas the health cart need of the Nation's population and, 
thertfore, the demand for health services. This, in turn, influ-- 
enaei the d^and for nurses. On the supply side, the population 
characteristics influence the number of applicants to nursing educa- 
tion programs, and thertby influence the supply of nurses. The 
diffarence between the demand for and the supply of nurses becomes 
the net nursing requir^ents. 

Whereas earlier modeling efforts projected requirements or 
supply separately, the Pugh-Roberts model specified the relation-^ 
ships between demand and supply factors in each sector jointly* 
Thug, the model represents nursing and health cars sectors more 
realistically as they exist now and as they are likely to be over 
the next few years. In portraying nursing and health care sectora 
in the future, certain develo^ents are built into the model's base- 
line assmaptions and others are treated as policy variables, the 
effects of which are to be analyzed by simulations. The primary 
objective of the Pugh-Roberts model is to provide a tool to analyze 
the effects of policy variables on the Nation *s supply, require- 
menta, and distribution of nurses across employment settings* In 
this subsection, the major policy issues addressed by the model will 
be discuisad, and the requirements concept used by the model will be 
clarified. 

Target Policy Issues— Pugh Roberts Model 

The Pugh-Roberts modal is not addressed to specifia policy 
issues* Rather, it is designed to eKamine and analyze a wide variety 
of isiuas* Its strength lies in its ability to evaluita and conduct 
comparative analyses of the relative effects of alternative poli- 
ciaa* There are some issues the model has specifically examined 
because it is thought that these issues are important and can be 
analyEed effectively by the model. Important issues addressed and 
examined by the Pugh^Roberts model are I 

• relative effects of the VBl programs on the demand for 
hospital and nursing home care versus ambulatory and home 
care and their resulting effects on the demand for nurses 
in these settings 

• effects of the imposition of strict utilization controls on 
the demand for hospital and nursing home care versus ambu- 
latory and home care and their resulting effects on the 
demand for nurses in these settings 

• effects of expanding nurses' responsibilities (such as 
autonoD^ and complexity of tasks) on staffing patterns of 
RNs xn hospitals and nursing homes versus in other settings 
and on the composition of nurses' educational preparations 
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FIGURE 3.1; A SCHMATIC VIEW OF ME REQUIRMENT CONCEPT 
OF THE PUGH-ROBIRTS MODEL* 
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• tffeets of expanding nursing involvCTent in Mabulatory 
oare, homa health and public health sattings on the labor 
mix in the preduction ©f health serviceg, as repreaented by 
RN-MD and RN^physieian associated ratios 

• effects of upgrading nursing education on the educational 
composition of nurses in various employment settings 

• effects of increasing nursing personnel input per output i 
represented by RN-^patlents and RN^offlce visit ratios ^ on 
the demand for nursing personnel 

- s 

• effects of an increasing rate of population growth on the 
demand for nursing personnel 

• effects of changing structure of nurses' wage rates ^ by 
educational preparations and employiBent settings ^ on the 
occupational distribution of nurses. 

As can be seen from the above listing of issues , the Pugh- 
Roberts model can estimate, through simulations, the effects of a 
wide variety of possible new developments and policy interventions 
on the demand for and the supply of nurses at each employment set- 
ting* For example, the model can be used to analyM the effects on 
the demand for nurses of the implementation of a national hospital 
cost control program as it affects the demand for and supply of 
hospital services. Another potential use of the model will be to 
analyze the combined effects an health and nursing sector of the Iffll 
program coupled with the imposition of utilisation and cost controls 
of hospitals. Since the Pugh-Roberts model consiats of differential 
equations, its strength lies in being able to estimate the partial 
impacts on nurse supply and demand of various policy issues jointly 
implemented. 

Geographical Coverage—Pugh-Roberts Model 

The Pugh^Roberts model is a national model* It forecasts the 
nurse demand and supply at the national level. Wie model analyEes 
the effects of various policies on the Nation's health care and 
nurse sector over time. It is not concerned with the geographical 
distribution of nurses. However, the Pugh-Roberts model deals with 
the nurse distribution between employment settings and between 
educational programs. 

Nursing Requirements Concept—P u ^h^-Roberts Model 

The Pugh-Roberts Model, illustrated in Figure 3.1, incorporatea 
a dynamie, market-oriented requirement concept. The model differ-^ 
entiates among the need for nursing personnel (the desirable ninwber 
for serving the population's health care needs), the demand for 
nursing personnel (positions made available by employers in response 
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to actual usai perceivad needs and nurses' wBgm rates) 5 and supply. 
Supply— the nufflber of nursing personnel actually enipioyed or 
available for employnent^^^ia Influenced by the nuffiber of positions 
available^ the nature of nursing education programs j the nurses' 
willingneis to accept positions^ and wage rattJ. The net nursing 
requirement is the difference between denand ind aupply* Given the 
baseline aasumptioni , the demand for nursing personnel Cpoiitions 
made available) and the gupply of nurses (those actually employed) 
in various emplo^ent settings can be projected through simulation 
techniques p The impacts of various polieiee can be eKamined by 
modifying the projections in terms of changes in the key variables* 
Thus the net nursing requirtment, or the difftrence between demand 
and supply in the nursing ©arket^ indicates not only the additional 
number of nurses required to bring the market into equilibrium but 
also the implied actions required to increase the supply* 

WICHE MODEL 

The WICHE model is a process that can be used to make projec- 
tions of nurse requirements and resources. The model is designed to 
be a guide for nurse manpower planning at the state and substate 
level. The process designed by the model serves as a planning guide 
not only because it enables the model users to make nurse manpower 
prajeetions in a systematic way^ but also because the steps to be 
taken to use the process calls for inputs of a panel of escperts on a 
variety of issues*. In fact, such a panel plays a pivotal role in 
arriving at projections and in clarifying the various issues 
Involved in making projections according to the WICHE process* 

The key feature of the WICHE model is its reliance on the 
"assumptions" to be made in making various projections * The assump-^ 
tions are estimates of the relationships between key variables. The 
primary function of a panel of experts is to make these estimates 
through mutual consultation and discussion using background data and 
information provided by the model. In this respect , the outcome of 
the model projections is a direct function of the selection and 
composition of the panel members who are controlling the process* 
The panel members are selected so that they bring with them diverse 
- perspectives s nursing education^ nursing service^ higher education, 
health planning^ and consumer intereits. Imphasla is on the first 
three. 

A rationale for relying on the judgment of a panel of tKperts in 
making projections lies in the fact that these eKperta are likely to 
be the people who will also be involved in local and state planning. 
By involving these people in obtaining the tssnmptiops and projec- 
tions I therefore p the model enables them to make planning decisions 
in a more systematic and informed way. Another rationale for the 
reliance on expert judgment is that, of all health professionals, 
registered nurses are likely to be performing tasks that tend to 
underutilige nursing as a manpower resource. At the same time, the 
variation in educational preparation within nursing is likely to 
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result in a aubstantial vtriatian in the degree to whieh mmy given 
tasks are performed relative to the ideal. The degree ©f underuti- 
lizatian of nursing resourets in tanas of the types of tasks under- 
taken ii largely a function of management trends and evaluations 
whereas the mmm performance of nuraes on individual tasks is 
largely a funetien o£ the level of educational preparation provided 
to nursea* , Given the qualitative and subjeetive nature of these 
trends and theae relatlonshipi to nuralng performanee imi nursing 
requirementa), a elinBate is created whereby expert jud^ant can be 
most effeativily used in a panel approach to the generation of nurse 
requirementa • 

Target Policy I8jsues--WIC HE Model 

There are threa broad issues to which the WICHE model is 
addreasadi They arii 

• meeting state requirements for total nursing pirsennel 

• ©eeting state requirements for the appropriate staffing 
patterns ©f nuraes in terma of. job settings 

• developing the appropriate nursing educational programs to 
meet state required staffing patterns , 

The first policy issue is the most important issue addraaaed by 
the WICHE model. The model approaches this issue by raising the 
questions "How many nuraes are required to provide the volume of 
health services needed to treat the projected prevalence of illneis 
of the state's population^ and will the number of the nursea lorth^ 
coming match that raquired?'' ae WiCHE model attempta to answer 
this two-part queition by providing policymakers with systematic 
procedure for making projections of nursing requirementa mi 
resources « 

For making requirenients projections, the model postulates that 
the volume of health aervices rsquirad to treat a given prevalence 
of illness of the state's population is to be decided by model users 
according to their stipulated health care goals. Thenj given the 
required volume of health services thus obtained, model users can 
project the number of nurses required to provide this amount of 
health care based op estimates of future nurse staffing ratios (aay, 
through historical trend projections). On the nurse supply sidej 
the WICHI model proposes an injection-leakage method of forecasting 
nurses supply in the state. The requirements and resources projec- 
tions together will provide policymakers with forecasts of either 
nurse shortages ^ surpluses * or optimwa supplies. This would enable 
them to take appropriate actions according to their stipulated 
health care goals* 
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Tiie WICHE model goes further thati aimply providing policymakars 
with tools to make foraaaats of nurse shortage or surplus. ThUii by 
disausaing and providing the data on the factors affeeting the 
nuiBber of the graduates from nurse edueatlon progransj the inter*^ 
state migration of nurseSi the decision to retira or reenter nursing 
profasslon^ as well as other factors , the siodel helps policymakers 
to systematically formulate strategies to influence nurse supply. 

The WICHE model addreesaa the issue of Inaurlng appropriate 
distribution of nurses among different eaplo^ent settings by provid- 
ing policymakers with a tool to forecast nursing requirements and 
resourees in each of the 33 emplo^noaent settings that the model 
specifies* In making the nurse-requlrementi forecast by employment 
setting! service-specific projections of health care need are neces^ 
sary. Because the mix of nurse emplo^ent setting is determined by 
specifying the process of projecting service-'apeoific volume of 
health services required ^ the model enables model users to forecast 
the nursing requirements by employment ietting and by the type of 
nursing personnel needed. Given the pfojections of nursing require^ 
ments by employment setting, the WICHE model helps policymakers to 
formulate policies designed to meet these requiremerits by discussing 
and providing data on the factors inlluencing nurses' education and 
Job choices < 

In order to achieve the optimum mix of types of nursing person^ 
nel| nurse educational programs that will provids the appropriate 
skiil--miK for their graduatsa must be developed » The WIGHE model 
addresses this issue by providing a procedure to forecast the number 
of persons graduating from each of the five levels of nurse educa- 
tion programs. Again, the model helps pollcymakeri develop appro- 
priate nurse education programs in terms of achieving the optimum 
skill^mix of their graduates by discussing and providing data on the 
factors affecting the number of applicants to each program and that 
of places available. Given the information about the decisioimaaking 
process involved in enterin| a specific nurse education programj the 
policymakers will be batter able to fomulate strategies to insure 
the appropriate skill^mix of the graduates of the nurse education 
programs « 

The most fruitful potintial uses of the WICHE model lie in 
providing policymakers with general information about the nursing 
sector and what is Involved in making nurse manpower projections. 
The user's manual for generating the data profile , for exMple, 
provides valuable information for planners about what kind of data 
are needed to make projections of nurse requlrementfi and resources 
and where such data may be found « 

Geographical Coverage— WICHE Model 

^e WICHE model is deiigned to serve as a guide for planning at 
the state level* However, the process can be used for making 
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pfojactiotis in gtiY iubifcatt level. The gioiriphieal eoverage at 
substate Isvels dapMdi an the model users' intarests and objtc^ 
tlvti* Health plamltij at the substate Itvel is usually conducted 
by an HSA and the m&6ml will be well iulted to he used for nurse 
ffianpower planning at that level* The model is ixtrtiaely flexible in 
carmi of its geographloal caveraget 

Kuriiag Requiremsnt Concept— WI CHE Model 

Eequirenenti in the UlCHl model refers to the number of person- 
nil that will be needed to meet tht uaar-s stipulated haalth care 
goaia* The goals are set on the basis of projectiona of the health 
serviQes required to tre^t illnesaea in age-raci and athnicity-'in-" 
come apecific populaticn projeetiona* 

This is a goal^oiiented, or normative^ coneept of requirements , 
which should he distinguished from the market demand ooncapt. 
According to the latter concept, the number of nurses required to 
meet the demOTd for tiurses is determined by the cenatMSers' demand 
for health aervieiSj i^bich in turn is determined by the cons^ers' 
perception of the need tc receive heslth care and their ability and 
willingness to pay for ttiis care» 

A normative concept cf nurie requirements is baaed on the com-- 
munity's perceived need ©f health serviois aacording to a stipulated 
health goal. Civ^aa the volime of health eare needed to meet the 
goal, nurse requireinents may be projected on the basis of a stipu-- 
lated nurse staff Itig ratio. 

Bi COMPREHENSl^NESS 

In this sectiori, thi Division of Nursing models vill be de^ 
scribed in terms of the eomprehensiveness of their coverage of the 
nurse tQarkat and related health care seotora, A brief description 
of each model's overall structure will be providid in order to indi-^ 
cate the various sectors of the health care iystem which are repre^ 
sented by each ^odeU Then, the specific inputs and outputs of the 
models will be IdenLtified in order to focus on five specific cate-- 
gories of model coverages 

m demograpbie characteristics of the population 

• nurse employment Sittings 

• types of ntirsiiig personnel 
VECTOR MODEL 

Ai indicated in Figtire 3.2, the Vector model consists of three 
aodulest a populati©!i nodule, a demand-for^-servicea modules and a 
nurse manpower requlreneats module. The following discussion will 
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deseriba tha outputs of each ©£ these nodulei as shown in Table 3.3 
and will foeus en the madal's coverage of the population, nurse 
amplo^ent settings, and typis ©f nursing piifsonnel. 

Characteristics of the Population — ^Vector Model 

Projeations of the future populations of health care coniOTiers 
are produced by the populationi module^ which consists of four sub'- 
models as shown on Figure 3*2| a population subraodel, an WiO sub- 
model, a health insurance submodel, and a health consumer submodel* 
The outputs of these submodels are combined to produce projections 
of the future population as charaeteriged by age| scki f^ily 
income, family status, and health insurance coverage (including HMO 
' enrollmant) cohorts. 

The population submodel essentially merges Bureau of Census 
projections of the distribution of age and sex cohorts over time 
with census statistics on the 1972 income distribution of the popu- 
lation* The output o£ this submodel is a projection of the future 
population in tarma of age, sex, family income^ and family status. 
The ffllO subxaodel projects the annual number of people enrolled in 
HMOs by age and sex for each year of the f precast period* These 
projections of VHO enrollment growth depend on an assimed mo forma- 
tion rate^ which is an input to this subfflodel that must be specified 
by the model user* The health insurance submodel describes for each 
population cohort, the proportion of the population eligible for 
health insurance benefits under the types of insurance plans being 
considered. Finally, as indicated in Figure 3.2^ the health con- 
sumer submodel uses the outputs of the first three submodels to 
produce the output of the population module described in Table 3.3* 

Nurse Employment Settings — Vector Model 

Nursing requirements by employmeiit setting are estimated largely 
on the basis of the outputs of the d€ttand*for--iervices module* This 
module computes the demand for health services by provider setting 
for each year of the forecast period* This is done by applying a 
large array of per capita demands to the projected numbers of 
individuals estimated from the population module. For each 
population cohort, the projected population is aultiplied by the 
appropriate projected per capita demand for each type of health 
service. These health service demands are then aggregated over 
population oohorts to produce the total demand for health services 
in each of the provider aettings listed in Table 3*3. 

Notice that Table 3.3 lists six separate settings in which 
health service demand.^ are estimatedi yet, it also lists nine 
employinent settings for nursing requirements. This is because 
nursing requirements in the comaunity health, non-short-term general 
hospital, private duty, and nursing education settings are ^estimated 
independently of the outputs of the demand^for-aervices module. 
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TABLE 3,3 1 PORECASTS PRODUCED BY im VECWK MODEL 



Output of the Population Module 

Projections of future population cohorts in terns ail 

1. Age (0-16, 17-24, 25-44, 45-64, 65+) 

3* Family ineome (<3K, 5K-7Kj 7K-10K, 10K-15K, 

>15K) 

4. Family staeufl (unrelatidj in family) 

5, Insyjfanee eoverage (currant publie/private pLanij 
national hsalth insuranee, ©10 enrollmant) 



Qutput of the De mand-for- Servlces Module 

Projections of health service demanda in the foil wing 
provider settings: 

!• Non-Federal ahert-term hospital inpatient units 
2* Hospital outpatient and tmergeney units 
3* Phyaieiani' officea 

4. Nursing care hemes 

5. IM) clinics 

6. Home health eare 



Output of thm Nurse Manpower Requirements Module 

Projeotioni of requiTements for nurses in the follot^ing 
employment settings! 

!• Non-Federal short-term hospital inpatient units 

2, Hospital outpaciant and eoergency units 

3. Physieiana' offices 
4t Nursing homes 

5. HMO elinies 

6. Coraiunity health (home care, boardi o£ edueationp 
ocoupatlonal healthy other ooflmunity health) 

7. Non^short^tarffl ganeral hospitals 

8. Private duty and other 
9* Nursing education 
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Nursing requirements in thist sitting! are based on projectiani of 
hlstprleal amplojmient data, fov the ether settinge, ieparate sub- 
models In the nurae aanpowif requirements module sstlmate the number 
of nuraes that would havi to be employed in order to meet the pro- 
jected health aervlee deciandii These nurae requirements eatiniates 
are in terms of both full--time equivalent positions and total num-- 
biri eEnployedi 

Types of Nuraing Peraonnel— Vector Model 

kB Indieated above ^ nursing rtquirementa hy einplojment setting 
are sstiraated in the sik submodels oontained in the nurse manpower 
requtrementa modulei These submodels can be used to forecait 
requirements for either RNfs or Iwm^B/ The Vector Model does not 
eicplicitly diitinguish RN requirementa according to the level of 
educational preparation. However, although not indicated in Figure 
3,2 i the modal doee estifliate the requirements for RNs in three types 
of ^^ctended roles. Specif icallyj the model estimatea the additional 
requiremante for RNs in primary nuraing, clinical apecialiatj and 
nurse practitioner roles* The requirementi for RNs in primary 
nuraifig and elinical spsoialiat roles are estifflsted for the hospital 
inpatient setting and the requirsmenta for Mm in the nurse practi^ 
tionir role are estimated for the physicians ■ office setting. Also, 
in addition to estimating the effect of role reformulation on RN 
requireinanta, the model is capable of preaenting separate results 
that estimate the effect on requirements for LPNs and aides as well. 

CSF MODEL 

In order to describe the coniprehensiveness of the CSF model in 
terms of the coverage of the forecasts produced by the raodel, it is 
necessary to indicate that the model's overall structure is inher- 
ently different from those of the other models. The forecaata are 
in large part inatltution-specif ic rather than population group-spa- 
oific, that isf requirements forecaata of the mod^l are based on 
forecasts of the demand for health services for several specific 
types of acute care and long-terti care institutions (to be described 
in more detail below)* ITiese forecasts are based on input data 
describing the population and health system characteristics of each 
inatitution's patient service area, ^e institutional demands for 
nursing personnel are then found by applying the appropriate nurse 
staffing ration to the health service utilization forecasts for the 
inatituciona # 

Because of the institutional approach to forecasting used by the 
CSF wodel, the population groups of interest vary by institution 
type I and can aasume moat any set of characteristics combination 
diemed necessary for the inatitution, although typical characterise 

1? M explained below, the state version of the Vector model is not 
operational for LPN requirements forecasts. 
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tics, such as ige^ race or ethnleity, end lacorae were used. These 
papulation eharacteristicfl are inputs to tlie modal. Thusp the focus 
of this discussioii will be on the population ol institutions rather 
than health care eonsOTer, and we ean prceead dlractly to the dia- 
cuBsioii of emplo^ent settings for the QBF model. 

Nurse Em ployment Settln gB—CSF Model 

The inetitutional focus of the CSF model is apparent from Figure 
3*3j where two of the four demand submodels are baaed upon analyses 
of inititutioni rather than populations (the regaining two demand 
subtnodels of ambulatory eare and eonmunity and public health care 
settings use trend projections to get directly to nurse forecasts, 
wlthQut vorking through forecasts of service utilliation)^ For the 
acute care and long-cem care settings^ the CSI model produces both 
health service utilisation forecasts and nurse damand forecaata for 
specifie types of institutions* That la^ the model user can select 
a submodel corresponding to the particular type of acute care or 
long^temi care institution for which forecasts are desired. More= 
over J for acute care institutions, these forecasts are further 
divided into four clinical specialty areas within the inititutioni 
medical/surgical, OB/GYN, pediatric ^ and psychiatric.^/ 

The CSF model includes 20 suboadels for* acute care institutions 
and 8 eubmodela for long-term care institutions. As indicaCed in 
Table 3,4, acute care institutions were classified according to four 
characterigtica (siae, control, technolo^p and teaching status) and 
long"- tern care institutions were classified according to two charac^ 
terlsties (si^e and control). On the basis of this classification 
scheine^ the 20 acute care utilisation submodels and 8 long-term care 
utilization submodels ware constructed as listed in Table 3*5* 
Thus, model users can select from these 28 submodels in order to 
generate health service utilisation and nurse demand forecaats for 
specific acute care and lpng--term care inatituticns in each substate 
area. 

ks mentioned earlier, the acute care and long-- terra care nurslnf 
demand forecasts are produced for specific insticutions , whereas the 
nursing demand forecasts for the other two settings are prodiiced at 
the county level* Therefore, the inatituticnal forecasts must be 
^ei^gated to the county (or multiple-^county) level, bq that the 
nurse denaand forecasts for all four ettplo^roent settings can be com-^ 
bined to produce the total nurse demand for the substate area being 
considered. Since the nurse supply submodel also produces county 
(or multiple-county) level forecaata ^ the county level ia the 
smallest geographical area for which estimates of future nuraing 



9^/ The EEodel also forecasts the number of operacing room proce^ 

dures g However, separate forecagta of operating room demand for 
nurses are not provided because of lack of available nurse 
staffing data* 
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ncm 3.3: STRUCTUEE OF THE CSF MODE 
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TABLl 3. 4 1 CLASSIFICATION OF ACUTE CARE AHD LONG-raRM 
CARE INSTITUTIONS 



Acute care aettin^ 







It 


0-49 beds 


li 


50-149 beds 


%i 


150-299 beds 


4i 


300+ beds 


Contx d1 


li 


Governmint / non- 




Federfll 


2t 


Nengover nman t / no t 




for-profit 


3s 


For--profit 


4s 


Govermint/Faderal 



Technology 

It Low technology 
2% Medlm technology 
3i High technology 

Teaching status 

1: Teaehlng 
2: Notitaaahing 



Long^tem ca re aettin^ 

Bizm 

li 3-24 bedi 

2i 25-4f beds 

3i 50-^99 beds 

4s 100-199 bads 

5 1 200-299 beds 

6 1 300+ beds 

ContrQl 

Is Proprietiry 
2 1 Not-for-profit 
3s Government 
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TABLE 3.Ss SUBMODILS FOR ACUTE AND LONG-TERM CARE 

INSTITUTIONS 



Acuta Cari Institutioni 



Sufafflodei 


Bed Size 


Teaching 
Control Technology Statui 


Specialty 
Area 


1 ■ 


0-49 


All 


All 


All 


Med/Surg 


2 


50-149 


2-4 


Low 


Konttaching 


Mad /Surg 


3 


50-149 


2-4 


2-3 


NDnteaching 


Med /Surg 


4 


50-299 








Med/Surg 


5 


50-299 


1 


All 


Noiitaaehing 


Med /Surg 


6 

w 


1 5n+ 




All 


NDnteaching 


neo / burg 


7 


300+ 


All 


All 


Teaehing 


Had/Surg 


Q 

e 




All 


All 


All 


OB/GYN 


9 


50-149 


2-4 


All 


Nonteaching 


OB/GYN 


10 


50-299 


All 


All 


Teaehing 


OB/GYN 


n 


50+ 


1 


All 


Nonttaching 


OB/GYN 


12 


150+ 


2-4 


All 


Nonteaching 


OB/GYN 


13 


300+ 


All 


All 


Teaching 


OB/GYN 


14* 


0-49 


AH 


All 


Nonteaching 


Pediatric 




50-149 


I 


All 


Won t a aching 


Pediatric 


15 


50-149 




All 


NDnttaehing 


Podiatric 


16 


50-299 


All 


All 


Teaehing 


Pediatric 


1 7 


1 


All 


All 


Nonttaching 


r^Qlacr IC 


18 


300+ 


All 


All 


Teaching 


Pediatric 


19 


AH 


All 


All 


All 


Psychiatric 


20 


All 


All 


All 


All 


Operating Room 






Long-terni Ci 


are Institutions 




1 


3-24 


1 








2 


25-49 


1 








3 


50-99 


1 








4 


100-199 


1 








5 


200+ 


All 








6 


3-199 


3 








7 


3-49 


2 








8 


50-199 


2 








*Two similar types of 


institutions 


were 


cofflbined in order 


to assure 



coBiplete coverage over all characteristies and maintain mutually 
exclusive groups. 
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"needs'' (that is, the difference tetween nursing iupply and demand) 
ean be made, 10/ 

Types of Nursing f araannel—CSF Medel 

For eaeh of the four typis of nurse demand submodels shown in 
Figure 3.3^ forecasts are produeed for three types of nursing per-- 
sonneli RNSj LPNs^ and aides * (These foreoasts are eKpreased in 
terroa of fuU-tioi equivalent posltioni.) An original objective of 
the CSF projeet was to provide RN desiand foreeaits claisified by the 
level of educational preparation. HoT^ever, workload estimates for 
RNs catagoriEed by educational level were not available and this 
olaaaifieation was not undertaken. 

The nuraa supply aubmodel uses the inputs listed in Figure 3.3 
to produee foreoasts of both the licensed and active supplies of 
nursing personnel* However ^ the types of peraonnel covered by this 
aubmodel include only RNs and LPNs. The supply of nursing aides and 
asaistants is a personnel recruitment problem for a apaeific insti- 
tution rathar than a problem of nursing planning and polic^aking at 
the subs tat e level , 11/ 

PUGH-ROBERTS HODEt 

The Pugh--Roberti model contains four sectorsi education, employ-- 
menty demand, and demographic* The coaprehenalveness of the model 
in terms of its coverage of population demographic characteristics, 
nurse employment settings , and the types of nursing personnel 
depends on the rlasaif icationa used in these four sectors. 

Characteristics of the Populat ion — ^Fugh-Roberts Model 

The Pugh-Roberts model describes the Nation's population in 
terms of its total si^e and age diatribution. The population is 
diatributed among 10 age categories ^ and the model estimates the 
fertility rates atid death rates for members of each age category* 
The nusiber and age composition of imigrants is also estimated. The 
model does not differentiate the Mation-s population by race or 
ethnicity^ sex, or any other demographic charaeteristies » The pri- 
mary function of the demographic sector is to project the effects of 
changing population size and age compoeition on the demand for 
health servicesi which, in turnj affects the emplo^roent and educa- 
tion sectors. 



ERIC 



10 / It was noted earlier that the most appropriate use of the model 
would be at the SMSA or tnultiple^county levels of aggregation. 



11 / CSF. A Micro Model for AsBesain i Wuraing Demand and Supply » 
Final Report | page 7-5. Contract Mo. 321-75-0814 (P), July 
1977 • (National Technical Information Service HRP-0023567J 
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Nurea Employment ggttlngs—Pugh-RobertB Model 

The amploytnirit sittings considered by the model are elaisified 
according to the iiiatltutional setting, the type of service pro^ 
videdj and job category. These consist of 7 employment iettlngSj 3 
of which are furcher divided, so that the total nimber of employment 
settings, including the subcomponenta , equals 12* The following 
shows how the model classifies the employment settings s 

CD Hospitals 

short- terin 
long-term 

(2) Ambulatory care 

physicians' offices and group practices 
QUCpatient departmenta 

cotfBaunlty health centers and mental health centers 

(3) Long-^tera care facilities (nuraing homes) 
C4) Horot care a|encies 

(5) Nursing schools 

(6) Public health settings 

public health agencies (excluding nurses providing 
home care) 
ocaupatlonal health 
school health 

(7) Private duty and other 

Those nurses wth licenses who are "not employed in nursing" are 
classified into chose who are considering employment (the unem- 
ployed) and those who are not (the inactive)* Finally, the model 
includes inactive nurses who have not renewed their licanses, so 
that all nurses are classified into one of 15 categories, according 
to employment setting^ employment or labor force status, and licen^ 
sure status, 12/ 

Types of Nursing Peraonnel^-Pugh-Roberts Model 

The Pugh^Eobertfl model tracks RNs and LPNs at several levels of 
educational preparation as they move among the various employment 
settings, lioenaure status, and labor force status combinations. 



12 / TH^elve emplo^ent settings for the employed, the uneffiployed, the 
licensed inaetive^ and the unlicensed inactive* 
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The level of educational preparation for RNa is Bieasured according 
to the following four types of programs i 



t Associate degree 

• Dlplona 

t Baccalaureate degree 

• Advanced degree 

Thus, 50 is the total number of roatrijc cells for the employment 
settings, enployinent and licensure status , and educational prepara- 
tions of RNi* Nurses are not classified according to their func-- 
tlou, such as direct health care or adminlstrationj ^hich reflects a 
focus on factors that affect novementi of nurses sisong the current 
cells 5 rather than on an expansi©n of enployttent settings. 

WICHE MODEL 

The WIGHE model is a process for projacting nursing requirements 
and rasources that serves as a guide for plannlngi The process can 
be used for making projections at thm at ate and substate level, 
depending on the model users- objactlyei and interest* Likewise, 
the coverage of requirements and iupply forecasts depends on the 
model users* intentions. The model prevldes the process and a great 
deal of background materials for forscafting 355 categories of 
nursea employBiant settings ^ functions i and educational preparations. 
As mentioned previously, the process allows various levels of aggre- 
gations « 

In describing the process involved in making projections of 
nursing requirements and supply , however, the WICHl ciodel provides a 
guide for specifically projecting the followingi population by age, 
race or ethnicity, and incomei the prtvilence of allinents for each 
population cohort^ health services needed to treat the ailments | and 
nurse staffini requirements to provide the health ser\?ices needed. 
This section will describe the characteristics of the population, 
the nurse employment settings, nurse funatlons, and levels of 
educational preparation that are specifically Included In the 
model's requirements and supply projections. 

Characteristics of the Population — WICHE Model 

The WICHE model differentiates a state's Cor substate 's) populs-^ 
tlon according to those characterlstice that are hypothesized to 
best differentiate among the prevalence rates of allinents in the 
population. The projection of a state's need for health services is 
then based on the application of projected prevalence rates to 
projections of that state's population. Nursing requtTements are 
then projected by applying required staffing patterns to the projec"" 
tions of needed health services « 
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Thi population ehsracteriatics chosen by the wodal are age, race 
or ethnleltyt and Income. There are 3 age categories i under 17 
years, 17 to 64 years, and 64 years. Although the tnodel presents 
data on thrge catigorits of raea or ethnicity and two inaorae groups 
a§ background inforoation, the model uses only age groups In its 
guide for raquirements projections. 

The model provides data on the relationship between the health 
needs/health status of r.he population and race or ethnicity. Based 
on theae data^ the user of the model can estifflate the incidence of 
38 categories of illness by race or ethnicity. These estimatesi 
however, are not used directly in projecting the utilization rate of 
health services. Instead, they are to be used as background infor- 
mation by the panel of experts in arriving at the asiUTOptiona about 
the relationship between the incidence of illness and population 
character is tics* 

Nurse Employment Settings— WiCHE Model 

As shown in figure 3,4, the nurse emplo^ent settings for which 
the requirementi projections are to be made are classified according 
to provider/practice settings and the types of health services 
provided. Thi WICHE model divides health services into six broad 
categoriesf inpatient services that are to be provided at long-term 
hospitals or at short-term hospitals | other hospitals | nursing home 
carei physician's office carei independent/group practice earei and 
community health services. Inpatient services provided at long-term 
hospitals are further divided into those provided at psychiatric 
hospitals and those provided at all other long-term hospitals • Inpa-- 
tient services provided at short--term hospitals are further divided 
into those provided at small (under 100 beds) hospitals| large (over 
400 beds) hospitals, or teaching hospitalsi and those provided at 
all other short-term hospitals. For the above three types of hospi-- 
tali, excluding long--ttrffi piychiatrie hospitals, nurse employment 
settings are further classified by departments; six for non-paychia^ 
trie long-^Cera hrapltalsi and seven, including newborn units, for 
each category of short-term hospitals. ThuSj a total of 21 employ^ 
msnt settings for inpatient care are provided by the model when 
including long-terni psychiatric care. 

There are three categories of services included in other hospi- 
tal services for which nursing requirefflente are projected i surgical 
operations, emergency visits j and outpatient clinic visits* At the 
same time, there are five categories of services included in comu- 
nity health (public health), and two in nursing home care. Thus, 
when counting physicians' offices and independent/group practice 
each as one setting, there are 34 total employment settings consi-- 
deri|d by the WICHE model, as shown in Figure 3.4. 
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FIGURE 3,4s IMPLOYMNT SETTrNGS OF THE WICHE MODEL ACCORDING 
TO THE TWES OF SERVICES TO BE PROVIDED 
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According to the ■'worksheet" of the WICHl model 5 the employment 
iettings dietate ths method of projeeting the nursing requirements. 
For example^ for the provision of inpatient services and nursing 
home care I the projection of nurse requirements is based on the 
projected number of patignts or residents | thisj in turni is based 
on estimated occupancy rates and targeted bed--population ratios. 
F©r other hospital services and independent/group practice services, 
Cha required number of nurses is projected from the volume of ser- 
vices to be providedi this, in turni is detewained from a target 
number of services per population. The number of nurses required in 
physicians offices is projected from the projected nuraber of physi- 
cians and the targeted RN/MD ratios * Finally 1 the number of nurses 
required to provide coraoaunity health services is projected from 
target nurse-population ratios that vary by the age composition of 
the population. 

Types of Nursing Ptraonnel— I^ICHE Model 

The WICHE model provides for nursing requirements projections of 
five levels of education preparations doctoral, masters, baccalau- 
t^atsp associatey and diploma progrMS. Direct client carei admin-- 
iitrationj teaching, and "others" constitute the four cfltegories of 
nurses' functions also covered by the models 

As shovm in Figure 3,5f the nursing requirements for the provi-- 
aion of direct client care 13 / are projected for each of the above 
five levels of educational preparation and 34 job settings, where 
each of the hospital departmtnts offering inpatient services is 
considered as a separate job setting*^/ fflbus, there are 170 matrix 
cells for education and employment settings for RNs in the direct 
client category care alone. LPNs and nursing aides in direct client 
care are projected for each of the 34 job settings only^ These LPN 
prcjections are based on the number of Ms projected for each aet-= 
ting. The choice of LPN/EK and aide/RN ratios is determined by the 
model users based on professional jud^ent* There are no projec» 
ti©ns for LPNs or aides for functions other than these direct client 
care categories. 

Requirements projections lor nurses in administrative roles are 
made for 11 separate institutional settings and 5 levels of educa- 
tional preparation. Furthermore, nurse administrators are 
bifurcated into eKecutlve administratora and mid-level administra-' 
tors* Thus, the total number of matrix cells for education and 
institutional settings for nurses in administrative positions is 110. 



13/ Which temporarily excludes private duty nursing. 

14 / A taxonomy of emplo^ent aettinga was presented in Figure 3.4. 
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FIGURE 3.5s TOES OF NURSING PERSONNEL— REQUIRE>ENrS 
PROJECTlOilS BY OTE WICHE MODEL 
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FIGURE 3. 5 1 TYPES OF NURSING PERSOtmEL--REQUIREMENTS 
PROJECTIONS BY THE iJlCHI HODEL 
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Nuraing raquirementl for educatioa are projected separately for 
faeulty and adminiitrators of nursing schools. Educational nurse 
requirements are projected for sik separate types of aducstioiial 
programs and five levels of educatioiial preparation for both faculty 
and school administrator^, The sisc types of educational programs 
conaist of the aforementioned five basic RN programs plus a practi^ 
eal nursing program. Thus^ there are 60 cells in the function and 
program matriK for nurse educators. 

The remaining RNs are clasaified inCoi researchers^ instruct 
tora, and consultants | nuraes in health-related organizations | and 
private duty nurses* These "other RNs" are further distinguifihed by 
the five levels of educational preparation, so that there are 15 
matriK cells for "other RNs" in the nodel* 

When the matriK cells for nurie functionsj education, and Job 
settings are combined , a total of 355 cells are represented s 170 for 
nurses in direct client care, 110 for thoae in adoinlitracioni 60 in 
teaching, and 15 for the others. Figure 3,5 presents a complete 
listing of the entire matrix* 

THEORETICAL CONSTRUCTION 

In the previous section, the overall structure of each model was 
decribed in terms of the submodels ^ and the specific outputs of 
these submodels i This section will describe in more detail the 
approaches used in cons true ting each of the Pivislon of Nuraing 
models I as well as the aesumptiona underlying the development of 
each. The focus will be on those factors affecting nursing require^ 
ments that have been eKplicitly incorporated into each model, and 
the manner in which each factor is modeled to influence nurging 
requirements in each of the nodela. This will require a close eKam- 
ination of the inputs to each raodel and the relationships struc- 
tured among the Inputs and outputs* The discussion in this section 
will therefore be somewhat more technical in nature than in other 
sections of this chapter* 

VECTOR MODEL 

Earlier, in Figure 3.2, It was noted that the Vector model 
includes three modules! a population modulei a demand-^for^services 
module, and a nurse manpower requiremencs module. The demand^for-- 
services module uses the projections from the population module to 
produce projections of health service demands by provider satting* 
The nurse manpower requirements module uses these projected health 
service demands to estinate future nursing requirements by employ^ 
ment setting. In the following discusaion, the construction of each 
module will be described in nore detail y with the discussion focus- 
ing on the input data (that Is t the Independent variables) used to 
generate the forecasts and the methods used to estimate the values 
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ot paraatcers and technical coefflcieiiti , 15/ The digcuseion will 
also identify those assumptions thfit describe the conditions under 
whieh mrging requireminta are eitimated in the modal, and which 
thereby if feet the interpretation of the model's results. 

Thm Veetor model was developed for the purpose of assessing the 
effeet of apeoified health system changes on future mrsing require-^ 
mentsi as discussed earlier. Hiis is done by coioparing the require-- 
ments forecasts generated under scenarios involving selected health 
system changes (aueh aSp implementation of HHX) with a forecast that 
aisiiiDes that no substantial changes in the health system occur over 
the foricaat period. This latter forecast is rif erred to by the 
model builders as the '-norm" aeenarioj and it ii the baseline 
againsc which other forecaats are eomparedp In this My, the model 
user csn estimate the additional requirements for iiurgas that would 
result^ for example i solely from an increase iit the foTmation rat^ 
of new HMOs* The effect of other specific eha;aga5, or combinations 
of such changes J can also be eicamined in th€ &mim wayi 

lii addition to the ^'no change** asauwjption behind the norm or 
baseline forecast, there are two other Implicit assiimptioas that 
under lii all of the forecasts produced by the model. These assu^p^- 
tiona essentially eKclude from consideration certain potential 
influeiices on nursing requlrimtnts that are beyond the scope of the 
modellrxi effort. The forecasts produced by the Vector model do not, 
for e^cMple, take into account the possible effects ©f changes in 
wag# rates on nursing requirements. More precisely, it is assumed 
that the relative wages of nursing personnel renain the same as In 
thi base year throughout the forecast period. This lopliaa that the 
nursing requirements forecasts do not reflect changes in staffing 
patterns that might occur because of changing relative vages* 

The requlrementa forecasts are also based on the asiumption that 
the supplies of health system goods and services are perfectly 
elastic. That is, as the demands for health services increases the 
capacities of health service providers are assuned to increase pari 
passu ^ so that the (relative) price of these services remains con- 
stant. This assumption rsffiovea from consideration any constraints 
on nursing requiremints associattd with the availability of health 
care facilities or the production of other health care services, 
Thusj for those forecasts involving a sudden and dramatic increase 
in the requirements for nurses (such as the adoption of a virtually 
'free" NHl plan), the estiraated number of required nurses would 
likely exceed the number that would actually be used because of 
constraints on the available supply* 



15/ The Vector model can be used to forecast requirements for either 
RNs or LPMs* The deacription provided here is concerned with 
the data needed to produce forecasts of RN requirements , 
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forecast requirements for nuraii adueators . En thi national ttodtli 
tha reqtiired number of nurse educators depends on the projected 
iiumbaf of graduates from RN and LPN CMiniiig programs* In the state 
laodslaj the required number of nurst educators is asauittad to be a 
const ant proportion of thi nuBaber at nurses employed iti the 
state, 16/ With this eKception, the follomng discuegion ^ill apply 
to botH^veriions of the Vector raodgl* 

Th^ Pop tiiation Madule "Veetor Model 

The population module uses as input four types of datai projec- 
tions of the future UiSi population in teraa of age, sm^f and family 
status cohorts} statistics en the inoMe dLitributlon of the popula- 
tion; health insurance coverage fractions for each population 
cohorti and an HKO formation rate^ These data are used by the 
module to produce forecasts of the future U^*Si populacion that 
characterize cohorts in ternas of health insurance coverage and 1^0 
enrol Imetitp The first two types of data mre obtained fron the 
Bureau of Census ^ 17/ and were conblned to produce population 
projections In terms of age/sex/family status/faniily income 
cohorts # The third type of data deserlbei the population in terms 
of the fraation of each cohort aliglble for benefits under the types 
of health insurance plans being considered. The coverage fractions 
for current public/private insurance plana vere estiiaated «ping 
National Center for Health Statistics (MCBS) data fro© the .1972 
Health Interview Survey, Under praposed national health insurance 
plans 5 these coverage fractions wouid becoaf lOO percent* 

The fourth type of data describes the IDD formation ratSj which 
is the number of MOs that becorae opiraticrial in each year. This is 
an input parameter that is to be specified by the nodel user in 
order to escanaine the effects of different ©ID enrollment growth 
scenarios « Based on an analysis of data ircm WecherviLle and 
Kordley , 18/ the race of growth in the nimber of HMO enrollets is 



16/ This assumption is reasonable for the purposes of the state 

model I since the number of nurse educators is small j im relation 
to the total number of empleyad nuraes, and oan be approximated, 

17/ Bureau of Census, "Population Estimates and Projections^'* Cur - 
rent Popu lation Reports, Seriw f-lS, Sio* 541 ^ February 1975 1 
and Bureau of Census, "incorae in 1973 of Fmilies and leraons in 
the United States |" Current Population Reports s Series P^fiOj Mo* 
17, January 1975. 

18/ l^ethervillej R*Ri, and Nordby, J*M. , Census of lOOs j July 
197J," and previous editions, MinneapoLia, Interitudy. 



61 




aasimed to decline ticponintially with the age of the HMO, Tha rate 
of growth is asiijroed to be approximate Idjr 52 percent during the 
first year, 26 perceiit during the second year, 13 percent for the 
third year, and 7 percent thereafter. Given the assimed ffllO forma- 
tion rate and these HMO enrollment grewch rates , the Vector model 
then computes the total number of ^0 enroHees for each year of the 
forecast period. 

The Deroan d-for-^Serylg as Module"Vec tor Model 

The demand'^ fOT'^^firvicei module requires as input projected per 
capita health a»^i'V^M demands for each ©f the population cohorti 
projected by t^<^ poimlatton module. These input data consist of 
sets of par t^ujpit:* demando that charactBrlee the consumption of 
health servlcaa by individuals enrolled in IMOs and by individuals 
covered by differerit types of health insuranci plans* Estimates of 
the per capita demands of HMO enrolleei for the hospital inpatient 
and HMO elintc aettingi? are assuioed to be proportional to the p#.r 
capita demands of their non-H?© enrolled cohorts. 19 / For other 
settings, the dtmands of H^O ctPrftiUns^ ar^ aaaumed to be the same as 
for the general populatlotit 

The par capita demands of individuals covered under current 
public/private health insurance plans wars estimated on the basis of 
data from NCHS, the Bureau of Health Manpower j and other sources* 
The effect of a NHI plan on per capita detganda is deteminad by 
estimating the change in the price of health services to the eon^ 
aumer resulting froin ieiplemantation of the plati. The meaiure of 
price that Is used is the effective coiniurance rate, which is the 
average fraction of eKpeng#s paid out^of "^pocket by the consumer. 
This coinsurance rate is an input parameter specified by the model 
user to characteriEt the type of national haalth insurance plan 
being considered. Using the results of prtvious studies on the 
price elasticity of demand for liealth servicei| 20/ the effect of 



19 / For hospital inpatient services, the prpportlonality factor is 
€3fcimated to be ,4391 for outpatient services, it is estimated 
to be *856i 

20/ Heaney, Charles T., and Riedel, Donald C, , From Indemnity to 
Full Cov erage I ChaQges i n Hospital U tiliiationi~The Blue Cross 
Association, Chicago^ 1970| and Newhouae, J.P.i and Phelps, , 
C*E., Price and Eneogie Elasticities for Medical Care Services , 
presented at a Conference of the International Economica Assocl-^ 
ation, Tokyo, April 1973. For the hospital outpatient and 
physician office settings, data from Scitovsky, Anne A, ^ and 
Snyder, N.Mti "Effect of Coinsurance on Use of Physician Ser- 
vices," So cial Security Bulletin , June 1972, 
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changta in the eoinsuranee rate (or the type of plan) on health 
serviee demandi is then eomputed by the model. 

By applying the appropriate set of per capita deinands to the 
projactions froin the population BDodule, the Vector model simulates 
the affects of changes in the population' a health insurance coverage 
and in the number of HW enrollees on health strvice desiands in each 
provider settings These health service demands are then used by the 
nurse manpower requirements module to estimate the impact of these 
two health systeoi changes oti requirements for nurses* 

The Nurse Manpower Requirements Module^ — Vector Modal 

The nurse manpower requirements module produces forecasts of 
nursing requireffients by efflployBient setting* There are six submodels 
contained in this module i and they correspond to the following 
itDployn^nt settings^ physicians' offices j hospital inpatient units ^ 
hospital outpatient units ^ nursing homes , HMO clinics ^ and eomuni ty 
health and other set tings.. 

The physicians - offices submodal forecaats the nuoiber of RNi 
ciBployed in them in esch yeari in a three-^step procedure, 21 / 
Firstj the number of physicians In private practice is projected on 
the basis of 1963^73 data from the toerican Medical Association 
(^MA). 22/ Sec^odj the number of nonphysialan personnel employed 
per physician is projected on the basis of the projected number of 
office visits demasd^Jj which is an output of the demand--for"- 
services module. FinaUyj estimates of the fraction of notiphyaicijn 
personnel that are RNs ate U'std to pr ^dyce forecasts of future RN 
requirements in the physicians ' offices settingt 23/ 

Th#. effect of eKpanaion of the nurse practitioner role is also 
estimated in the physicians' offices submodel* In this submodel ^ 
requireiBents for nurse practitioners are based on an estimate of the 
escGitfs S iaand for office visits | that isj the difference between the 
number of viiits demanded in office practice and an estiinate of the 
aaxiflHtfn number of visits a physician can profitably supply without 
e^ctender personnel. The estimate of the maximiM number of visits a 
physician can supply without extender personnel ii based on an 



21/ Requirements for LPNs are also estimated by Chest submodels in a 
flaanner similar to that for RNs. 

22/ Five types of office practice are distinguiahedi general prac^ 
ticSj OB/GYKp pediatrics, siedical specialtieSs and surgical 
specialties > 

23/ The values fcr the fraction of nonphysician personnel that are 
SNs were estimated from data in American Medical Association, 
Fr ofile of Medical Practice , annual publicationi various edi^ 
^Tons * ~ 
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analysis of produetion fuMtions devaXoped by Reinhatdt* 24/ The 
fruatloii of tht exeess demand for ©ffica visits satisfied by nurse 
j^rsctition^rs is an input pBTem^tnt that ig to be specified by the 
modtl user. The value of this fractiati is intended to measure the 
degrie of aoceptance of nurses in praotitiontt roles* 

The hospital inpatient submodel forecasts the number of RNs 
enployed in non-^Federal short-^teTO hospital inpatient units in each 
yaar* Theae forecasts consist of three companentsj the number of 
RNs employed in the intensive care units (iCtJs), the number of ENs 
employed in the Department of Nursing Service, and other hospital 
inpatient RMs, The first oompofient is based on a projection of the 
number of ICIJ beds and an estimata of the average number of RNa per 
IdU bed. The number of ICU beds is projected by fitting a trend 
line to historieal data from the The aeoond component is based 

on projections of the number of RJis emplGyed in the Department of 
Nursing Service per patient day. These projections are made by 
iKtrapolating historical data froin the Bureau of Health Reaources 
Development and the MA. The number of patient days demanded is an 
outpiit of the demand--f0r--servic#a module* The third component is an 
etapirically derived oonstant baged on data from the Bureau of Health 
Resources btvelopment. 25 / The B%m of these three compotienta is the 
total number of RNs employed in hospital inpatient units for each 
year of the forecast period. 

The hospital inpatient submodel also estimates the effect of two 
typaa of role reformulation on nursing requirements i the institution 
of the primary nursing concept and the expansion of the clinical 
nursa spiolalist role. Primary nursing in the hospital inpatient 
setting hag the effect of replaciBg nursing assistants i aides ^ and 
orderlies with either RNs or LPNi. In the hospital inpatient sub- 
Eiodeli the effect of primary nursing on nursing requirements is 
estimated by using data on average RN/aide and LPN/aide ratios in 



24/ Rtirfiardt, UiE.j An Economic Anal ysis o f Physicians' Practices i 
unpublished Ph.D, Dissertation, Yale University, 1970* The 
analysis by ReiiAardt indicates that solo physicians can profit-- 
ably use no more than four nonaKtender personnel. Thus, assimi- 
ing that physicians have at aioat four employees, Reinhardt'a 
production function can be used to estimate the number of visits 
that can be supplied. 

25/ Bureau of Health Resources Devalopment, Wursing Personnel in 

Hospicals, 1968» 1970, 1972 1 Survey of Hospitals Registered with 
the AHA, 1970, 1972, 1974/ 
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prlmaify nursitig units. 26/ The fraction of inpatient units with 
primary nursing md the frgction of such unite using only RNs are 
input pariineteri to hm specified by the modil user, and are intended 
to measure tha degree of acceptanca of the primary nursing coneept. 

The effeec of axpanded rolaa for elinical nurse specialists on 
RK requiresients ia estiroated by assiaaing that| to the eKtent that 
clinietl nurse spicialist and RN responaiblities do not overlapi 
additional RNa will be required as nurses acquire MS degrees and 
move into nw clinieal nurse specialist roles* The estimate of 
additional M requlrenients is therefore baaed on projections of the 
number of MS graduates in clinical practice in hospitals. 27/ This 
number Is Chen multiplied by the fraction of MS nurses that ass^ed 
new roles in each year (an input parameter speeified by the model 
user) in order to detarirdne the additional requirements for RNs as a 
result of eKpanded roles for clinical nurse specialists . 

The forecasts of RN requirements in the hospital outpatients 
nursing hotnej and HMO clinic suhmodels are based on health service 
demand projections from the demand--for""serviees module. In the 
hospital outpatient submodel, the projeeted number of outpatient 
visits in each year is multiplied by an estimate of the average 
number of RNs per outpatient visit. The estimate of the average 
number of RNs per outpatient visit is baaed on an analysia of data 
from the Division of Kuraing and the AHA* The projected number of 
outpatient visits is an output of the -demand-for^services module* 

In the nuraing home submodel i an estimate of the number of RNs 
per day of care is multiplied by the projeeted number of nursing 
home care days defiiandad, which la an output of the demand-^for^ 
services module* Similarly i in the HMO clinic iubmodel an estimate 
of the nutaber of RNs per visit is multiplied by the projected number 
of IffiO visits by enrollees, which is also an output of the demand-- 
for^services module. . 



The coifflttunity health and other submodel is actually a set of 
submodels that are grouped togither because they ares with one eK*^ 



26 / Manthey, M.f "Primary Nuraing is Alive and Well in the Hospi^ 
tal,'* Aneriean Journ al of Nurfling » 73, No»lj January 1973, 
p, 86 1 Manthey y M* , and Krainer, M* , "A dialogue on Primary 
Nursingi*' Murging Forum, IX, No, 4, 1970s P- 361| Logsdon, A., 
"Why Primary Nursings" Nursing Clinics of North America , 8, 
1973, pp*^2S3'-291| and Felton, G/, "Increasinj "the Quality of 
Nursing Cara by Introducing the Concept of Primary Nursing i A 
Model Project Nursing S^sgTireh t 24i27--32, January-February 
1972. 

27 / Estimatea of the future number of WB graduates were derived from 
eKtrapolations of historical data from American Nurses' Asaocia^ 
cion. Facts AbouC Nursings 1972-73 ; 1974. 



ception, independMC of the projections from the demand^for^services 
module .M/ lliis submodtl estimatei future nursing requirements in 
the following subsettingss conmunity health, all non-short- term 
general hospitals, private duty nursing, and nursing education- The 
requirements for juries in these subsettings are based on trend 
lines fitted to historical employment data. 

From this disQ^ssion, it can be seen that, with the txception of 
the eotsnunity health and other submodels, the basis approach used in 
estimating future nursing requirements in the Vector modtl is one of 
applying empirically dirived nurse staffing ratios to projected 
health service deaatids for each emplo^ent setting* The nurse 
staffing ratios and other inputs are derived from analysts of data 
from various sources ^ and the projected health service demands are 
outputs of the dCT^ad^f or^^services module- 

CSF MODEL 

In this saction, the methods used in constructing the individual 
submodels of the CSP model will be described, along with the types 
of data required ag inputs* Since different approaches v&te. used in 
constructing the subittDdelfl, it will be convenient to provide sepa^. 
rate discussions according to the following claasif leation: 

• the health service utilisation and nursing demand submodels 
for acute care and long'-term care settings 

• the nursing dennand submodels for ambulatory care and com^ 
munity and public health care settings 

• the- nurse supply submodel 

Before discussing^thase submodels, however, an important point 
ihould be made aoneiming the limited availability of data at the 
institutional and substate levels* This was cited by the model 
builders as the key problem area, both in developing and in using 
the model. It was noted above that the development and use of the 
CSF model were to rely solely on data that were already available* 
However, because of the limited availability at the subitate level, 
this proved to be a ttajor constraint faced by the model builders, 
and one that limittd both the types of submodels construeted and 
their forecasting aceuracy. 

Acute Care and L on|-ri rm Care Submodels— CSF Model 

The number of nnrsing personnel required in acute care and 
long-^term care institutions is determined by forecaating the levels 



28/ The number of hooe health nurses (part of the conmiunity health 
requirements) is proportional to the number of home care visits 
which is an Output of the demand-f or-services module. 
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of health strvice utilization In these settlngi and then applying 
nurse staffing ratios to the utilisation forecasts. As mentioned 
earlier, utilisation forecasting submodels were conetructed for 
specific types of acute care and lang-term care inititutionsp these 
are listed in Table 3,4t Each lubmodtl is a aingli equation that 
predicts the utiliiation of health services in each type of institu- 
tion in tenns of variables of two typesi demographic and economic 
characteristics of the population served by the institution and 
health system characteriatics of the subatate area in which the 
institution is locatedi Step-wise multiple regression procedures 
were used to select from a list of potential independent variables 
those that best explain the utlligstion of health services* A 
detailed discussion of the resulting equations is presented in the 
final report of the CSF project and mil not be repeated harst 
However, there are certain considerations that bear on the accuracy 
and interpretation of the utilization and nursing demand forecasts 
that the inodel user should be aware of and these are discussed* 

The first point has to do with the overall **goodnes8 of fit'* of 
the individual regression equations * The reported R2 values for 
the 20 actJte care regression equations and the 8 Icng^tertti care 
regress ion equations indicate tltat, for fflany of these equations , the 
independent variables account for only a stnall proportion of the 
variation in the dependent variables (such as patient days of 
care). It was therefore eKpected that these regression equations 
would provide only gross estimates of future nursing demand at the 
institutional level, and this was confirmed by the model builders 
duTlng evaluations of the model conducted at three test sites. 
HOTOvar, aggregation of the individual institutional forecasts 
Improves their overall forecast ing accuracy, so that the model 
builders suggest that the most appropriate use of the acute care and 
long-term care submodels would be made by aggragatlng to the county 
or multlple^county level. Aggregating to the multlple^county area 
is suggested in the case of heavily populated metropolitan areas 
where there can be significant flows of nursing personnel and 
patients a^<<>ag counties. 

Another consideration has to do with the nurse staffing ratios 
that are used to convert the utilisation forecasts into estimates of 
future nursing demand* Two points ihould be made concerning these 
staffing rttloss First of all, these ratios are Input data that must 
be provided by the model user. The user's manual accompanying the 
CSF model includes estimates of RN, LPNj and ai life st^^ffing ratios 
that are classified according to the type and siae of the institu- 
tion and the region of the county, so that the model user can select 
the appropriate staffing ratios for the particular type of lnstitu= 
tion being modeled. However, these estimates are average ratios and 
may differ appreciably from those for the particular institution 
being modeled* 
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A final eonsldaration involves the availability ot historieal 
data for the Independent variables used in the rigression equa- 
ttoni* The medel builders found thrt on the basis of their eKperi- 
mncm during the testing and evaluav u phase of the projectp only 
limited mounts of historical data Car the independant variables 
were available at the aubstate level. They coneludad that ©nly 
simple linear projections of the Independent variables were possi- 
ble t While linear projeetions baaed on only a few hlstorieal data 
points may accurately predict trends in census data^ this may not be 
the case for data that describe futurss aiaraeteristics of the health 
care system of the substate area* 

Ambulatory Care and CoimLunity and Public Health Care Submodels— CSF 
Model ^ ™— 

The problem of data availability mentioned ahove also aecounts 
for the differant approaches used in constructing the submodsla for 
acute care and long-^term care settings and ambulatory care and com-- 
munity and public health care settings. As noted abovi| in the case 
of the acute cara and long-term care settings j the demand for 
nursing personnel is based on forecasts of utilisation of health 
Sirvices in these iettings. For the imbulatory care and public 
health care settings^ however^ this approach waa not feasible 
because of the lack of adequate data. 

The approach that t^as adopted for the ambulatory care and com-- 
munity and public health care settings involved forecasts of nurse 
damand using linaar projections of historical nurse employment 
data. These projections are intended to reflect historical trends 
in the demand for nurses in these settings. However j the extent to 
i^hich they do so will depend on tha number of data points upon which 
the projections are based ^ and the validity of the linearity aasump^ 
tionp In those substate areas vhere only a small nuiabeir of data 
points are available^ it may not be possible to eitabliah accurate 
historical trends using this method* Also, where major new programs 
requiring additional nursing services are adopted j hlatorical trends 
may be disrupted and future nuraing demand would -not be accurately 
forecast using this linear projection method. On ths basis of con- 
iiderations such as these, the model builders suggest that this 
would be another area in which it would be desirable to take advan- 
tage of the eKperience of local health care planneri in verifying, 
and possibly mcdifying, the model's forecasts on the basis of pro^ 
ffessional judgment. 

Nurse Supply Subnodel—CSF Model 

The nurse supply submodel is based on an approach developed by 
Research Triangle Institute for making national projections of 



nursing supply,2£/ However, ilnce the GSF modfrl Is concerned with 

supply projeations for subsCate areas ^ the RTI approach was nodifled 

to take aecoutit q£ nursg migratloti. A formal stateinent of the modal 
ia as follows! 



n 

(1) S(c) - £ aj (t) Lj (t) 

(2) Lj (t+1) - PjLjCt) + Gj(t) + FNj(t) -WOjCt) 
where 



S(t) ^ the number of nurses in yaar t Cthat is, the 

active supply) 

Lj(t) ^ the number of lieansed nureea age j in year t 

SjCt) ^ the aetivity rata for nurses age j in year 

t (that isi the ratio of eraployed nurges to 
licenaad nurses) 

^ the one year probability of aurvival for 
nurses age j 

Gj(t) ^ the number of new graduates age j licensed in 

ysar t 

^ the number of new foreignj nmw endorsements , 
and reinstated nuraes ags j in year t 

MOj (t) ^ the number of nurses age j who leave the area 

or ifhose licenses expire and are not renewed in 
year? t 



29 / Jonea, DtC^ et al,, Procedure for Projecting Trends in 

Registered Nurse Supply » Research Triangle Institute , March 
1975 , (Contract ntamber: NOl-^mj-44123) . Division 6f Nursing, 
Bureau of Health Reaourcea Devtlopnent, HRA, DHEW. (unpublished 
report) 
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Thlg is a flow ttod^l for a subataca area that i« based on the 
iupply pool of licaftied nurias. It ean b@ aean from iquation (2) 
that the supply of lletnsed twarsas is escimatad on a yearly basis by 
taking aecount of new graduatasi new foraign nurses, rains tated 
nurses I new endorseaantS| nuifias who leave the araa or whose 
licensas expire ^ and one*yaar survival probabilities* The active 
supply of nurses s equation (i), is then detarmined by multiplying 
the (age-speeific) iupply of licensed nurses by the (age-specific) 
aatlvity rate. 

Projeetiona of eaeh of the aomponents off the aupply submodel 
must be provided by the model user. It should be noted that the 
availability and reliability of these required data will vary among 
aubstate areas. For example^ raasonably aceurate forecasts of new 
graduateei can be based on data from aanual publications from the 
National League of Nursing* These publicationa provide data on the 
number of graduates that will be produced by each nursing prograffl in 
a aubstate area. On the other handj the net migration of nurses for 
d specified subatate area is a more difficult input variable to 
accurately forecaet. For this reasotti the model builders suggest 
that in the absence of county level nurse migration data, an alter-- 
native method be used for estiaation purposes * This consists of 
using equation (2) above, without the nurse migration term, to pro- 
ject nurse supply over a period for which actual historical data on 
nurse supply are available (for example, from 1966-72)* Then, by 
comparing the projected supply with the aatual supply at the end of 
that period, an estimate can be obtained of the net migration for 
the subatate ; ^ . T'be nu^obeT of foreign nurses and reinstated 
nurffes ©tKHi whose values may be difficult to pro- 

ject. Therafi^rv, M in the case of nursing demand, the accuracy of 
the aupply i'orssESti will depend, to a large extent j on the avail- 
ability and r*fliabillty of local data sources* 



PUCH-ROBERTS MODEL 

The Pugh-Roberts model is developed with a set of techniques or 
equations referred to as System Dynamics* This provides a frOTework 
within which to view the internal microoperation of a system in a 
coherent and orderly manner. The model views the health care system 
in t&tm& of two major types of oonstructsi levels and rates, A 
level is a number that repreiente the state of some part of the 
systemi A rate defines the raount by which a level will change. 
The changes taking place are influenced by other model variables, 
the Pugh-Roberts modal consists of relationships among these three 
categories of variables eKpressed in DYN^O simulation language. 
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Ai mentioned before » the 5u|h*Roberts medal consists of four 
sectors^ nurse edueatlon; nursa emplo^eni^ daaandi rjid demo'^ 
grsphiCi The nurse edueation sector foraeasts the number of yearly 
graduatas from ea^h program* rhe nurse ^ployoent sector fflakes 
projections of the number of nurses employed in each employment 
setting* The deaand saetor forecasts the demand for nurses based on 
the prajeation of the damand for health services > Finally, the 
detnographic^seetor represents key dimographic characteristics of 
total and nurse population and how they affect other sectors of the 
modal i Each sector will be discussed individually, followed by a 
briaf dlacuaaion of the intersections among these four sectors* 

Mugging Educa tion Sector— Pugh^^Robertg Model 

The nuraing education sector of the Pugh^Roberts model consists 
of specifying hov the ielected variables d€t€™ine the number of 
non^^nurse applicants to nursing educatiofi progr«mS| the number of 
nurse applicants to nursing education prograBS} the number of avail- 
able places in nursing education progrims, and the dropout rate from 
such programs* The establiahinent of the above relationship allows 
the projection of the nunber of graduat aa each year, given an age- 
specific population projection* Ab shown in Figure 3,6, a schematic 
view of the nursing education sector of the Pugh-Roberts modal as 
interpreted by Applied Managenent Sciences is presented* 

The total number of applicants is a measure of the demand for 
nursing education, while the number of available places is a measure 
of the supply of nursing education. The nmber of entering students 
is theti determined by tha interaction of thtse demand and supply 
measures. Given the number of entering students, the number of 
graduataa at the end of required years o£ iafiooling is deteralned > 
applying dropout ratea. Yearly graduates from nursing schools 
constitute a major aource of nurses entering the emplojraent sector 
(sea Figure 3*6)* In the following, the structure of the nursing 
education sector is presented in terms of the determinants of the 
demand for, and the supply of, nursing aduoation, along with the 
dropout rates* The demand for nursing education by non-nurses in 
the Pugh-^Roberts model may be expressed asi 

NAEP ^ f (NPM, PAJA, W, CB^, Oros) Cl?l) 

where 

NAEF ^ number of people without previous training applying 
to each type of nursing edueation program 

WfiM ^ number of places availabre in each type of 

educational program^ repreiented by the ratio of 
the numbsr of places available at each point in 
time to that in 1972 
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rieURi 3*61 SCHmATIC VIEW OF THE NURilKG EDUGAnON SICTOE 
OF Tm fUCT-ROBlRTS MODEL* 



Peopla Without 
Prsvioue Mursitig 




*As interpreted by Applied Management Sciinces 
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PAJA ^ perceived availability of jobs in nursing at e&ch 

level, represented by the ratio of nurses employed and 

considering employment to available jobs at each level 
over the 1972 ratio 

W ^ nurses wages as represented by the ratio of real wages 
at each level to 1972 wages for personnel at that level 

CBTO " changes in the breadth of nurses responaibilities , as 
represented by a dimensionless index in which a value 
of 1,0 represents the breadth of responsibilities of 
nurses at each level in 1972 

ASL = availability of scholarships and loans as represented 
by the fraction of costs covert?d by scholarships and 
loans for the average student 

OFDE = other factors affecting demand for nursing edu- 

cation^ such as perceived .vailability of jobs in other 
professions, changes in average tuition levels, and the 
perceived job satisfaction of nurses 

The effects of these independent variables on the demand for 
nursing education is eKpressed by multipliers that increase or 
decrease the value of dependent variables by specified proportions. 
These multipliers are often determined from the consensus judgment 
of the Task Group rather than by correlation estimation.30/ Since 
the values of the multipliers change according to the magnitude of 
changes in the independent variables in a complicated nonlinear and 
possibly nonsystematic way. one cannot represent them as the usual 
demand parOTeters* 

An estimation of multipliers presented in appendix B of the 
final report indicates that the Task Group considered the perceived 
ai"ailability of nursing jobs as the most important factor affecting 
the demand for nursing education^ followed by nurses wages, the 
availability of scholarships and loans, available places in each 
educational program^ and changes in the breadth of nursing respon- 
sibilities * The judgment of the Task Groupj as eKpressed by the 
values given for the multipliers, closely confoxros to the results of 
several past correlation studief of the parameters of demand for 
professional education that th*^y considered in foming their judg= 
ments . 



30 / In response to a concern that the model be an accurate repre- 
sentation of nursing and its role in health carej a National 
Model Task Force ^as formed and played a central role in the 
work. The Task Force consists of nine members who brought with 
them diverse perspectives. 
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The demand for nursing education by nuries (continiiing eduea- 
tion) is airailar to that exhibited by non-nurses, Fc bvious 
reasons, however, there are iome variations in the afi- tiing vari-* 
ables used. For example, the relative availability of nursing jobs 
at higher levels replaces the perceived general availability of jobs 
in nursingi and wage differentials Mong levels of nursing positions 
replaces the general levels of nurses wages. The total demand for 
nursing education is then maasured by adding the total demand by 
non-nurses to that of nurses who wish to return to nursing schools* 

On the supply side, the total supply of nursing education may be 
expressed as follows? 

f(NAEPj./NAEP72f PAJA, FPF, OFSE) (1:2) 



number of places available in each type of 
nursing education program 



NPAE 

whs re 

NPAE 



NAEP^ St number of applicants relative to existing 
NAEPy2 places as represented by the ratio of 

applicants to programs at each level to the 

1972 appli^ ^nti 

PAJA ^ perceived ilability of jobs in nursing as 
represen? ov the ratio of nurses employed 
and considering emplo^ent at each level to 
Jobs available at ea ' level over the 1972 ratio 

FPF - availability of qualified faculty as 

represented by the fraction of faculty 
positioni filled 

OFSl ^ other factors affecting the supply of nursing 
education, such as financial pressures on 
schools and cnnstraints on the availability of 
clinical exposure 



The demand for and supply of nursing education, as specified 
above by equations (111) and (li2), determine the number of students 
entering into each type of nursing education program. Then, the 
number of graduates at each type of educational program is deter-* 
mined by subtracting the number of dropouts from entering students 
following the required years of schooling. The Pugh-Roberts model 
projects the number of dropouts by: 

FNSD ^ fCCSL, OFDR) (ll3) 
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where 



FNSD 

CSL 
OFDR 



^ fraction of nursing studenta dropping out of each type 
of educational prograin 

^ changes in the availability of scholarships and loans 

^ other factors affecting dropout rates ^ such as more 
stringent academic standards in .^^ome prograras 



Thus, the numbar of yearly graduates is determined asi 

^^^t+n ^ NSENt - (NSENt k FNSD) (1:4) 
where 

^^®t+n ^ number of students g.^aduating from each type of 
nursing education pro^^ram at the year t+n^ where 
t denotes the base year and n the number of 
required years of schooling 

NSEN^ ^ number of students ent^rring into each type of 
progr«n at the base year t 

FNSD ^ fraction of nursing students dropping out of 
each type of educational program during the n 
year of schooling 

The projection of the number of yearly graduates from each type 
of nursing education program, as determined by equations (111) 
through (1:4), completes the function of the nursing education 
sector of the Pugh-Roberts model* 

Nursing Employment Sector—Fugh-Rob erts Model 

As shown in Figure 3.7, the nursing employment sector of the 
P^agh -^Roberts model consists of specifying how the chosen variables 
determinei the number of licensed nurses, including new graduates j 
who arc employed or seeking emplojnnent and who are willing to take 
available jobs at each job settingi the number of nurses not em-^ 
ployed or inactive but willing to take available jobsf the number of 
nurses quitting to take other nursing positions^ th^ number of 
nurses retiring or becoming Inactivei and the number of 'nurses iimni-' 
grating to the country. Determination of the above would enable 
model users to project the effective rate of nurses supply at each 
point in time* 

The Fugh-"Robert8 models' s specification of the factors affecting 
the supply of nurses from both the nuraing education sector and 
active nurses may be expressed in the following wayi 
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FIGURE 3* 7 1 SClffiMATlC VIIW OF THE SUPPLY OF NURSES 
OF THE PUGH-ROBERTS MODEL* 
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*As interpreted by Applied Management Sciences 
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FNWECE ^ fCPAJASj W, BNR, EPOT) 
where 



(li5) 



FNWECE « fraction of nursea at each educational level who are 
employed or are willing to consider emplo^raent 

perceived availability of Jobs at each level as 
presented by the ratio of the nuaber of jobs 
available for nurses at each level to the total 
nuinber of jobs for nurses at each level 

nurses wages as represented by the ratio of wages of 
personnel at each level to 1972 wages for personnel 
at thst level 

breadth of nurses responsibilities as represented by 
a dimensionless index in which a value of 1,0 repre^ 
sents the breadth of nurses responsibilities in 1972 

changes in overall economy over time 

In terms of the values of impact multipliers given by the Task 
Group, by far the most important factor influencing the supply of 
nurses is nurses wages. Other factors are judged to exert rela- 
tively insignificant impacts on the nurses supply* 

\ ^- s , 

In the Pugh-^Roberts models tfih movements ^f nurseS:. between 
employment settings are determined by the differehcee between 
employment settings in the factors influencing the willingness of 
nurses to take employment in a particular setting. The factors 
affecting the willingness of nurses to take employment in a partic- 
ular setting are relative availability of jobs in each settingj 
relative wage rateSj and relative iriierent attractivenees that 
reflects the relative breadth of responsibilities of nursing 
personnel * 

As mentioned above, the Pugh-^Roberts model also considers the 
factors affecting the withdrawal of nurses from the supply. The 
model assumes that the decision of nurses to quit nursing employ- 
ment ^ either to take jobs outside of nursing or to become inactive ^ 
are influenced by the availability of jobs in the nursing sector 
versus those in other sectors and by changes in Lhe demographic 
statuses of nurfiep* 

In addition to specifying what variables and how they influence 
the iupply of nui as, the model considers how these variables are 
determined. Fo^^ example, the model specifies the variables influ= 
encing the spread of collective bargaining in_Jiosf itals , changes in 
nurses wage rates, as\6 Che relationship between the two* 
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Demand (for Nurses) gector—Pugh-Roberts Model 



Given the supply of nurses as detenained in the nursing employ- 
ment see tori the demand for nurses needs to be deterained in order 
to arrive at projections of nursing requirements. The Pugh-Roberts 
model determines the demand for nurses at each edueational levels 
for eaeh of the seven major employment settings in its "demand 
sector*" Factors that affeot the demand for nurses differ somewhat 
according to the employmgnt settings* Since the majority of nurfies 
are employed in hospitals, and because a set of factors that influ- 
ence the demand for nurses in hospitals approximates the general set 
of factors that influence demand in most of emplo^raent settings , the 
determinants of the demand for nurses in hospitals are discussed 
here as representing the demand sac tor of the Pugh'-Roberts model. 

Factors affecting the demand for nurses in hospitals i as repre- 
sented by the number of jobs available in hospitals ^ may be expres- 
sed as? 

NIDH ^ fCWH, FSH, CBH, BNIH, INPNH5 TCEFH) (1:6) 



where 



NIDH ^ number of nurses at each educational level demanded in 
hospitals 

WH ^ nurs';^ images as represented by the ratio of average 

wages of nurses in hospitals adjusted for inflation to 
1972 average ages 

FSH ^ hospitsi's fiL .ial situation as rapresented by an 

index measuring the degree of difficulty hospitals have 
in passing along increased costs 

CBH ^ collective bargaining as rapresented by the fraetion of 
hospitals with collective bargaining agreements 

BKRH ^ breadth of nurses renpcnsibilities in hospitals as 

represented by a dimimsionless index for which a value 
of liO represents tb^ breadth of responiibilities of 
nurses in 1972 

INPNH ^ average Intensity of patient needs for nursing services 
as represented by a combined index reflecting average 
length of stay and preadmission screening 

TCIFH ^ technological change and other exogenous factors 
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According to the values assigned to the multipliers ^ the Task 
Group considered the intensity of patient needs for nursing ser- 
vices, and nursing wages , as the two most important factors influ- 
encing the demand for nurses in hospitals. It projected a 20 
percent deurease in the number of jobs available in hospitals, with 
a 40 percent increase in nursing wages. On the other hand, the Task 
Group projected a decrease in the demand for nurses of five percent, 
with an inerease in the patient-need-intensity index of 10 percent. 
It is also interesting that the Task Group expected technological 
changes and other exogenous factors to inerease the demand for 
nurses by 20 percent by 1992. 

Demographic Sector-- Pu gh-Roberte Model 

The demographic sector of the Fugh-Roberts model estimates the 
nation's population in terms of both total size and the distribution 
among 10 categories, as well as the fertility rates and death 
rates for members of each age category. The number and age distri- 
bution of those iimigrating to the country are also included in the 
models 

For the 10 age groups, the rates of change of the population 
(per month) due to births, deaths, and inraigration for each age 
category are derived from the "series 1" census projections* Th« 
rate of immigration is held constant at 400,000 people per y 
is distributed among various age categories* Hie model 
cally "ages" the population each month by moving a fractit .n 
age group to the next^-older age group* Female death rates, : 
are somewhat different frdm those reported for the total popui^cion, 
are used in computing the rates of deaths of nurses in each age 
category for each educational level. 

The objectives of the demographic factor are twofold. One is to 
provide a basis to cf/lcylete the age-apecific incidence of illness 
ii the population and, thereby, the magnitude of the population's 
netd for health services. This enables the model to project the 
demand for nurses in the demand sector. The other is to provide a 
basis far projecting the sVjmber of applicants for each nursing 
education program* TOis, in turn, provides a basis for projecting 
the supply of nurses frOT the nursing education sector. 

Integration of the Four Sectors— Pugh- Roberts Model 

For each of the four sectors of the Pugh-^Roberts model (nursing 
education, nursing emplo^ent, demand, and demographic), the model 
construct is separately described above. This subsection discusaes 
how these four sectors fit together to make projections of the 
demand for, and supply of, nurses. 

The interrelation.^hip between the four sectors ef the Pugh- 
Roberts model is expjainad by Figure 3,8, As sho^^ in this figure j 
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FIGURE 3.8? OVERVIW 0! M»Ua,;NSHi;FS Wmm POUR SECTORS 
OF TKE PUffH-ROBEK'''^^ tlODKL 
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th?? priraary role of the demographic sector is to provide a baiia for 
estitaating the pravalance rate of illnesi and, therabyj the need of 
the Nation's population lor health services* This enables the 
demand sector to projeet the demand for health servlcea and, 8ub= 
sequintly, the demaiTa for nurses, the secondary role of the demo- 
graphic sector is to provide the nursing education sector with a 
basis for projecting the supply of the applicants to nursing edu= 
cation prpgrwas* 

The role of the nursing education sector is to conaider the 
demographic factors, along with other factors, affecting the supply 
of applicants (or the demand for nurse education), and the factors 
affecting the demand for studente (or the supply of nursing educa- 
tion). Then it projects the number of the yearly ne^^ graduates at 
each level of education for the nurse employment sector. 

The role of the demand sector is to provide projections of the 
magnitude of the demand for health services estimates of the need 
for health services provided by the demograpbtc sector and other 
factors affecting the demand for health services. Then it con= 
sidera, along with other factors, how the demand for health services 
affects the demand for nurses* This provides the employment sector 
with a basis for projeeting the number of nurses denianded in each 
employment setting. 

The role of the nursing enplo^ent sector is to consider and 
synthesize projections of the demand for health services provided by 
the deBsnd sector with tlm projections of the yearly nev graduateti 
provided by the nursing education sector. Then, on the baai^s of 
these and other factors affecting t\i^ demand for and the auppiy of 
nurses, it projects nursing employment in each setting. 

WICHE MODEL 

The WICHE model differs ttoa^ the other health Mnpover models in 
that it does not define structural reJationships between the aelec^ 
ted model variables. Rather, it presents variables to be included 
in the model and it guides the construction and estimation of rela- 
tionships among them. The guides that are presenu^id eonaist of past 
data Qa relevant relationships and the identif ieation of various 
factors affecting theLT. The panel of experts determine the assump^ 
tiotis or estimates according to the process provided in the model on 
the basis of the background data and information prov .ded. The 
assumptions are estimated according to a consensus approach where 
all panel members agree on the istimate& in the course of mutual 
consul ta^::r on and discussion* Since these panel member a are ilikely 
to be tho^a who will be involved in planning, the model builders 
consider this p-^^oceso of obtaining the final relacionehipa eictremely 
important « Nate that bs nrevioualy stated, all panel members are 
selected to hiring diverge parspectives to the process. In this 
jettion^ t^>a mod%l-^ Btr\ic:w:Bj th© process of estimation, and the 
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assufliptions underlying the model's develo^ent are discussed in 
greater detail , 

Requirementa Projactlons— t^IGHE Model 

The WICHE nursing requireraenti projectioni involves populat:^on 
projections by age group, race or ethnicity, incomt--group| the mo'^'' 
j action of the age-race/ethnicity^incOTie specific illness pre* v^i ^ i.nce 
rites* projections of the quantity and types of health servir^u; 
required to treat the projected prevalence nf ailments | and projec^ 
tions of the number of nurses required to provide the needed health 
services • 

Figure 3*9 shows the Applied .i..g*fi^ent Sciences' interpretation 
of the conceptual structure of tl o Vi' uii model as it pertains to the 
re qui reman ts projections* First, ^'hi : fojectioni of state popular 
tions by age^ race or ethnicity, aud income are based on Bureau of 
Census projections i Second, given the projected composition of the 
population according to the above groupings j the prevalenee ra^^e of 
ailments of the state population is esCimated from past data on the 
basis of the judgments of experts in epidemiology* Third, given the 
estimated prevalence rates of ailroentfl of the population ^ the quan-- 
tity and types of health services requtred for treatroent is project 
ted frora data on the disease-specif ie utilisation rates of health 
services* The conversion of the eatiBated prevalence of illnesses 
into required health services is also based on professional judg- 
ment* Finally I given the projected quantity and types of health 
services required, the required nuaber of nursing personnel is 
projected for each job setting and level of educational prepara"' 
tion* These last projections are also made on the basis of histor- 
ical staffing pattern data and data on the educational attainment of 
nurses by using professional judgment. 

Resource Fro jections-'-WICHE Model 

The nursing resource projections are made using an injection^ 
leakage model of nurse supply. Given the number of active nurses in 
the base year^ a resource projection is made by adding the estimated 
number of nurses expected to enter the supply pool, and subtracting 
the nuiober of those expected to leave the pool* The inflows or 
injections into nurse supply are expeeted from three sources s new 
graduates froin nursing schools j inactive nurses becoming active, and 
imlgrating nurses. The outflows or leakages are expected from four 
sources: retirsinent, including those becomng temporarily Inactive j 
and death I suspension of llcerisei| nurses returning to schools; and 
outmigration. Figure 3.10 presents a graphical interpretation of 
the injection-leakage model suggested by Applied Management Sciencis 
for the resource proj'ictions of the ^ICHE model. 
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FIGURE 3*9; PROCESS OF MAKING NURSING REQUIREaffiNTS 
PROJECTIONS''-WICHE MODEL 



of 




35 



T 



I ^ m§mm%im is Md« ilyic mtmm in^i/M^eh j 



i 



fli« aiaibMr ef fi^tna r^yJtr^i 1b saeh practlet 
(39 JobsftitiBgt and 5 edi^eloiial Imls of 



V * Vhttft. 1 



83 



ERIC 



FIGURE 3.IO1 1NJECTI0N»LEAKAGE DIAGRAM FOR NURSING RESOURCE 
PR0JECTIONS--WICHE MODEL 



Huriing 



Inset Ivi 



Kurses 

out of 



U w U 



Who Uiid 



is the Baie Ytsr 



£0 Schools 



fhoit Moving 



ERIC 



84 

94 



The ^nCHE modal of resouree projection and planning consista of 
presfiBting the relevant data and defining the factors affecting the 
rates of the inflows and the rates of the outflows of the typea 
ttantianed above. Estimation of the coefficients necessary to 
convert the current enrollment of nursing schools into the number o 
yearly graduates i the number of inactive nurses into the number of 
those retumiiig to work^ and the number of active nurses into the 
liUttbir of those moving out of state, as well as other factors, are 
arrived at through the deliberations of the members of the expert 
panel. 

Dt OPERATIONAL FEASiElLlTY 

Information as to the resources t-e^vix^d Ci'> .^y^g^ite each of the 
four Division of Nursing models is px^^ d tc npiist potential 
model users in determining the feasib. . of implemimting each 
model by allowing comparisons with the rfii-ources available to the 
model user, Theae resource requirements include the computer 
hardware and software ^ the types of personnel required to operate 
the model j and the data required as Inputs* 

VECTOR MODEL 

The Vectar project produced both a national model and a state 
models and both versions kre operational* However , as noted 
^arli(srt the state model supersedes the national model in that 
can also be used to produce national level forecasts # Therefore, 
only the computer tapes containing the data bases and program files 
for the state model hav.ii been delivered to the Divisiori of Nursing, 

Coiaputir gnd Personnel Requirementa'^-Vector Model 

The computer pr^grws for the Vector model are coded in FORTRAN 
lafiguagei and are daiiigned to run on mediira[-to--large-scale computer 
syatemsp 31^/ Since most such systems are equipped with FORTRAN 
cotapllers^ installation of the model should not present any di£fi» 
cultiea for most users* In the case of users with non-^IBM compat-- 
ible aquipmenti however^ they should expecfc that modifications of 
the computir programs will be neceisaryi and this will require 
parsontiel with programing skills. The computer co^ts pe 
lation for & State are estimated to be about $12. 

The Vector model is programmed to operate in an intarai,; . .w 
roodej so th^t only minimum levels of modeling skills would be 



31 / The Vector model was developed and run on rhe University of 
Hichigan's Amdahl 470/6 eomputar systemi 
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requited of peraonnftl using the model. However , users would be 
expected to be familiar with health care statiiCics and trends in 
nursing so that fippropriate input data are supplied to the model, 
and tha resulting outputs are properly interpreted. For example, in 
order to produce forecasts involving role reformulation on the part 
of nurses, the user must supply input data describing the expected 
degree of acceptance of primary nursing and of iiursaa in practi^ 
tioner and clinical spacialist roles. While the model builders have 
suggested values for these data to be used at the national level , 
separate state-level estiraates should be made to reflect the differ-' 
encas in role reformulation Mong the States* SJniilar con.iidera^ 
tions would be involved in using the model to foi:cast the effects 
of changei in health insurance coverage and TOIO enrollmenti at the 
state level. 

Data Requirements^ "Vector jiodel 

There are three major types of data used by the Vector model i 
projections of Che future U.S. population that are derived from 
Bureau of Census publications! per capita health service demands 
that are derived largely on the basis of data from NGHS 32/ ; and 
nurse staffing ratios and emploj^ent data that are derived from 
reports of the ^erican Nurses' Association ^ AHA, and the Bureau of 
Health Manpower .33/ All of these data have been collected and are 
available in the data bases supplied with the Vector model. 34/ 
Thereforei if the user exercises the model with the existing data 
bases J the only additional inputs required would be values for the 
parameters that define the various scenarios to be examined. The 
values for these inputs can be tnosen by the model user so as to 
reflect different assuftiptions concerning the timing and magnitude of 
the health system changes considered by the model. 

Finally, in order to make the Vector model operational for pro- 
ducing LPN requiremeiii:^ forecasts^ additional data are required. 



32/ Per capita demands for heme care visits were estimated on the 
basis of data from Bureau of Health Manpower, 1 972 Surv ey of 
Public Health Nursing ^ (tmA)76-8j November ^ 1975, and from 
Hurtado, A. v., Greenlick^ M,R, , and Lauvard-^ E.W.^ Home Care and 
Extended Care in a Comprehensive Prepayment Plan , Hospital 
Research aLd Educational Trusty Chicago^ 1972. 

33/ The number of nurses per HMO visit was derived from data in 
Gorby^ j.T., and AssociatiSi Special Report on Prepaid Group 
Practice Plans y 1974. 

34 / An exception is the data required for LPN iraquirements forecasts 




Thess d«ti confliifc primarily of LPN staffing ratio® sM €EapLoj*^ent 
data mmd In tha ayrie nanpower requiraaaiiti modulei the iPN data 
that Wire riqulrgd for the rale reforniulation saenari&a %mym been 
Mllict^d^ but tlifese data are used only ffer the hospiNl inpitient 
iittings- Thirafors, the necessary data far the o£hef enpl&yittiEit 
settings wDuld hav^i to ha provided by the uier. 

CSF HOPEL 

The dociimsHtatlon aecampanying the CSf model inclutiga lath, a 
systaiQ ttaniial mtid a user's manual. The s*«tam fflanual is tiitirLded 
for programmsf/aBalyst personnel^ and dcseribss the Enachifte e^iiElgu^ 
ration Mqiaiwfflittta and procedures for Installing the ttodal B^it^ 
ware* The ugir^s nodal describes the Itiptit data raquiTtmainti aad 
the systen comBattdg to be used to generate forecaits a^d &\itpiit 
riporti • rha information provided in the manuals will be 
su^sariEed hare, along with additional irifottnatiofi obt^imd Irt 
discussions with the model bullderi. 

Computir aad Fersomal Reguirementg— CSg Hodel 

The CSr modil ibftware is a eollectaoti of FORTRAN 3V prc^irms 
devaloped Cor uie en th# National CSS Cerporation's tma^ahftTiaig 
system^ althotigh ths tnodel cani of course i ha Inatmllid o^irsted 
on oth« cMaptitar aystenas having a FORTB^ oompilit, iilaOj although 
the nodal software vas designed as an int€raetiv^ mymtmm^ it c^a ba 
operated ia m batch node by constructing data and *'RUN*' files jrisr 
to execution* In this oonnection, it shotald be nofctd that tie aodel 
was designed for interactive use because it was Qtlgin^lly asp^ctad 
that tha sodal wauld ba used primarily at indivldiial healtli ca^'e 
facilicias^ and the data prooesaing rsquir^ents t^ould be th^r^by 
mininizad. However, as the projtot progressed^ it became cl€a:r that 
the ffloit appropriate users of the model wmld be BSAs ar □th«r 
health plaiuilAg agencies • niuSj because of the gtmahn data pj&^ 
cesslng reqtiifCTents involvid at thii level of anaLyeia, tha sicd^l 
builders suggest that most efficient use cf the modal ^ould la 
obtained by operating in a batch node. 

The total costa involved in operatizig the model have net b^ati • 
docwientad iy the node 1 buildersi however ^ in discuiislons ^Ith tlie 
Applied Hanagetnant Sciences' staff, thiy did suggest that the cm^ 
putar CDsts par slnulation at a spec if le site shoiiLd be m%p$^tmi to 
be $200 to |400i In addition to thtsa emptiter costSi cQflts fcr 
clerical persoanel ^ould also be incurred ifi connactior^ f^ith neaes- 
sarjp data ccUecticn activities. The time required eollesticn 
of the necessary data was estinatad to ba approKinsatel^ 2 to 3 ^ee^s. 

Finally I although aotual operaL:ion of the modeL weuld mot 
require peraonael with special teahnical skillS| it would be 
desirable tc have ,a^railable personntl who are eapabla of pvopiTly 
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tnt^fpticiftj ^ftd i<raL\iacinfi cli ni©dsl,'p re suits * As notid earl ietf 
Ln iCh^si oralis ^g^i th^ ^^dpl-# {otmm^^B a^t feared on llmlced 
0m^%im§ H^toariaiL imU or simple trend ptfojecciotiay these Eore^ 
^astB should fcs ^it'if iid tiod jossibl^ njodi flad fcy ptriotinel faiaillar 
^ibti Kill h0^l*h syptrai ^hisras tiristiQs of the awbsttte area being 

Patu E^qtf Ir^ia ^ntc^^CS^ M odel 



Tl»€t^ *5ri ssvi^fll typin data that aie raqulrtd as Inputs tc 
thi CSTfliodisl^ «ttd tli^i^ dJita are geciirall^? available at che sul- 
0taCe l^^el . Hmiiirar , ^ fisw ^xoaptiQns shculd be neotlanadi la 
siddi^tLcti Q^rtaia &th0r ^on.aidiratfioaa tlat will affect the tin* 
mxii ^Si^^t dnwlwid Lii tfon^trmJcting the data base for the nodtl * 

I» thi ca^i of th^ ^ur^itifi dioana pubffl«dela ^ tht data f%qulTe— 
»enftfl tJitff^i^ dcewding ths t^pa efflploynaint settitif b€liig 

^an^id^t^d, por t^e ^nbul^t^^y osTi aad scmounity and pub He hcaltli 
ear^ i^^ttiti^a^ tfei oaly difca «qulxi4 aaversl yisra o£ hiitcr^ 
Lcil mw#i ^^pl^imant d*ta* lor the a^uts safe and lohg-citin ear# 
tf€t^img8^ hcwv^rj tw^ cyp^i cf data ire required. First, nurse 
»taf fL»| rstiffi fe^ sjatfifie typii eC aeute eare and loag^tami ca« 
«:e n%.^d^d, Ssti^^ti^ fchi^i staffiittf ratios are providfid in tlia 
usi^'s iti^tiu^l lad bp i^ltcted hy tM ncdel user| but^ in teiras 
cpf Cfflp^w^iag fpticwti^g ^oeuraop tlia modil, it %?eiili v^xy 
tikmly psaCarabti to obfcal«i ths itafffing rattos aetualLy uaad by 

Tlv^ #€eQna t^p0 oi Ltiput «q tha mcitti cara and Isng^tetm ears 
&^btfiod'^:liP oonplita ct dsti th^t dtser^ib^ tbi characterlatica of the 
b^al^th Q#ti g^itieai 4114 populatiom &i each institution' i patisnt 
s^r^io^ ^1^1 t1it#€ <ae^ ^ri th^ itiAgp^nd^nt variablea f^T the 
h^iith a0tyi» tttiiii^ticn risrefiriem MUationss. .The health syatem 
€mt0. (fturfftt^fl of pH^sicL^n# iod li&gpLtals, ajartallty rites, and ao 
^Xi) itm ^^timtm^^y 00 ati aAmuai basli £^00 publle^^tions af 

till iK^) and gtl^e lie#.ltb sitnai e§ 1 a^ wilL as othars . The 

p^pi?.la^i^ Sat^i Cip€j is^j 4ud ifisonft dastsibutiena of tha popu^ 
i^ttcni c^fi obtained th^ tra^t or cot^nty Lwcl fran Sur^au ef 
G^n#iii pi^ilS-G^tlong « Ha^iNTir^ n^st ra^ant detailad esfiiua data 
f«f lutoscafe^^iss ^re^lik^ly t& ba a^aiUbla oaly for 1970* Thera^ 
|^r0 |fcbp coipoiiticn of tha pop^lati «n fo£ stib&eqiitnt yea*s (and 
o^ar fcbi loiti^ast p^rAod) \rir% have It eielmsted using data from 

^noth^t p^int flioiald bp ^mim tonc^rtfing ttiasi Inputs the 
tcuea ear* ^nt latig^tam o^ra auttoadi ig^ Theit data '(or Ifidapendant 
^mtLAX^my ^tm projaoftad W^t tha tofn^SBt period tiiiiii a simple 
t3e€i»<l pt^jii^tLon fcech^iqtii^ aod thase pioj^ctloita provldi thm basli 
fi©r th^ r^fittlti^iB baaltb ip^vtcs utilization and nursing damand 
f^rpciAty « TM^^foXi^ e^atp stioyLld be t^ktck t^ iTiiure that tha 
p*o| ae ticFtii ar< rtalifftl^j jar^tLeular in caaes whtre pnly a few 
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hiiCoricai dati points are avstlallt or wiimtm future viliiis of tha 
indapeadent ^ariablti may not f el lev s liflet* trend » 

in thi eM€ ot the nuMe supply submodel, the requirtd Input 
data eonelst of several major deterainaxiti of the future supply of 
nurits. Thesa Includlai n€i^ graduattSi foreign nuries , new 
endsrsefflencs , rainstgtad nurias, nurse ntiratlcni and lioeass 
expirations, In general^ tha model buildari found that satlsf«ctDry 
data were available for operatlea af th^ fflodal at the three test 
sites whare the model vas implOTented (Vaihingtonf D*C*, Wadliaiip 
Wisconsin^ sad New M#3£ico5* %5f The giiigls axeeptlon wss data an 
oouQty level niiraa migration, which was unavailable at all teit 
sites, thereforej the altsrnatlye method af deriving this data as 
described ssTlier wag usedt 

PUGH-RQBERia MODEL 

Tht fiml Tepart ot the Pugh^Roberta Mdel lists data seurcea 
and data neadii and the daoimentation acaaupatiying it inoludas a 
list af iBOdel equatiaas and variables, in addition, the Pser'a 
Manual af OYM^ffl HI desc^ibas the eomptitar pragrMs far the Pugh- 
Robarti modeli fnfontatlan contained in thi daciiniants and addi^ 
tional infamation obtained in diaaussiens t^ith the model bnildars 
will be summarised there« 

Computeif aod Persannal Riquirenents"pugh^ftobart8 Model 

The Pugh-Rcbarts nodal uses DWAMD III goftwaret which is wfit^ 
ten nainly In fOETRAN language i The eonptitef programs fOT the madsl 
are dasigiied tc run an aieditiffl to larga^aeJle casputer ayatens with 
at least 4O0K of memory^ The software cm be aperated ai an inters 
active ayiCesi and alao In a bateh mode* Tha cast of operating the 
modal is aatimatad at about $2(1 per simulatian rtin. 

Since the aom^tar prograiD for the Pugh^Roherts modal is 
designed tD be operated in an intaraoti^a mQd%f it requires per^ 
sannal with a sodas t level of skills in madallng and aome fanil-^ 
larity with computers i Heaver , If one ^shaa to changa Che 
atruature of t|ia madali paraonnal with a hLghar level af tsodellng 
skills are required i 

Data and fersonnel Raqylremanti-*-Pugh'-Robsrta Model 

Three typea of data are required to prnfiotm tha simulations of 
the Pugh*B©berti modal. The first is to prwide the measures to 



33/ A list €£ Che data sources used in Implementing tha tiodel at 
these test sites la provided In tha final report of the CSF 
projeati 
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repr«sent Che ^rAriables oi the model at Chi Initidl points in the 
iiiauiationat TTie aacond type is to repreaftnt the multipliers | *?hieh 
Atm quantlfidation of the relatlonihips among the variables # The 
thiifd and final type is needed to repTeseiit the exogenous variables 
that are eKtarnal to the model| but affeet ita behavior i The first 
and thifd types of data are relatively? easy to obcalai The seeond 
type of data needed to quantify the reLatlonships among the vari- 
ablea li difflault to find and ioiaitltn&fi does not esclst. 

Since the nodal requires various typas of datai many different 
data sources muat be consulted. As the primary aource of data on 
tha nursing system, the model buildsra used the Anirioan Nurses 
Asaoai'ation- a Inventory of Regiatered purses and Factg About Mureln g 
and the Division o^ Nursing's Sour ee Book i Nuriing Pergonnel . For 
nursing aduaacioa aeetorsi the National League for Nursing's longi- 
tudinal study supported by the Divlsiea of Nurslngi From Student to 
RK and RHa One and Five Years After Qyaduation , ws used* For the 
nursing eaploynent seetor^ The Inv etitgry of Reg iatered Nurses ^ facts 
About Nursin| y and a study done by the Research Triangle Instltiitaj 
Trends in Re|i8Caged Nurse Supply ^ w^tb used. For the demand 
sector, becauea of tha coraplexity af data requiredi saveral data 
sources have to be eonsulted* As thi principal data sourea, the 
oodal builders used AHA's Hospital Statistics | tha Division of 
Nuraing'sj Survey of Registered Nur ses Em ployad in Physieians' 
Of f ieas and Kuysing Parsonnel in Haspitalai and the Bureau of Health 
Manpower ' s , Health Resources Statl^tiesg Health Manpower and 
facilitieay 1974r and"The Suppl y of Health Manpoweri 1970 Profiles 
and Pra^actiena to IS'W. ^* 

Becausa of the diverse nature of data raquiredj personnel 
required for data eollectlon and activities should have training in 
aathematics and statistieSn They ahould also be familiar with 
health and nursing iector statistics, tftiera data are not avallablei 
the model requires estimates baaed on the judpieiita of eKpartSt 
Tharaforei the model users should be able to solicit and obtain such 
expert help* 

WICHl HODEL 

There are feur sets of techniesl documents accompanying the main 
body of the final report of the WlCttl model* They ate user's 
faanuala for the requirements calculatlofi saftwarei the resources 
ealculation software | the profile data base| and the profile report 
generation system- The software nantiala are designed to aid in the 
generatim of a range of requirements and resources projectiona for 
nursing personnel based on various continations of asavanptions. 
These nanuala provide the neceasary information and Instructions to 
ifiput assumptions and produce sets of projections with minimal 
effort. The manual for the profile data base provides the necessary 
information and instructions to produce the individual nursing and 
health care profile file report using the profile data base and the 




computerised profile report gineration system. The followifig sub- 
section on the operational ftasibillty of the WICHE model is pre- 
pared on thm tasii ©f the inforinacioii contained in these caanualsj 
ahd additional informaciQn obtaitied in dlaGUssiona with the model 
buildars,! 

Cofflpu teri Pergsnngl, and Other ReBourcei Requirements— WICHE model 

The requiremants and resourees calculation aoftwares of the 
WICHE model are a series of POKTRAN IV program.s* These aoftwarei 
can be ©pirated in a batch mode by laiefting a series of instruct 
tions concerniii| the assumptions nriade by model uiera as specified in 
the user- a ttamals. Asiumptions oonsist of estimates of the hmi" 
population ratiop the supply of the volume of outpatient viaita 

per populatlotii accupancy rates i and so forth. These aasumptlons 
determine the pfDjeationa accordiQg to the formula specified by the 
BoitymtmB % Prfeparing the inatructiea cards and operating the soft- 
ware s in ganarai requires a person «^ith some technical baekgroutid in 
computer aystaiiss and data processing* The cost per computer ruii is 
estimated at about $20, The model builders estimate that it will 
take from 6 to 9 months for a State to collect all the necessiiy 
background data, cenvene a panel of ixpertSj make forecast a based on 
the panel's juSgatnt (foraulated with the help of the background 
data)^ and thaa produce the nurse reqtjLrements and resources project 
tions bag^d on thaae forecasts* Most o£ the background data can be 
updated annually by those who were fiaLllar with the data soureta» 

Data Riquifefflettts^WICHE Model 

Thrai types ot data are required to use the WICHE model. The 
first typ^ contains the demographic data that are required as the 
direct inputs for eflaking projections of the number of required RKs 
in publia/cDimu.iiity health. These data consist of the State's p^opu^ 
lation divided iata three age categories ^ and the number of Live 
births and infant deaths from birth tc 1 year of age* The age^ 
specific population data of an individual State are obtained frora 
the Bureau of Ceiisus. The birth and infant death statiitics are 
obtalnedl from JTCBS. 

The gecond tjrpe of data contains those used to make the key 
assusiptions upori which rests the final projections ■ These date 
consist of the historical and currant statistics on the bed--popu^ 
lation ratloi occtipancy rates ^ the volme of outpatient services and 
surgical operations per populatlonj the number of M)S| the number of 
visits to indepcftdent/ group practioeif and the composition of nura* 
ing edueation programs p at well as other data. 

The third and final type of data contains those that the model 
user is urged tc consult as background information in making pro^ 
jectionsi These consist of data on the socioeconomic charactar^ 
is tics of the State's population ^ health needa/health status of the 
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popuiatiofip health care fa^iliciea and gtrviceif nursing pefaanneli 
nuriing aduaationf and licsnsurt gtatlaelgs. data sourcas for 

the sieond and third, types of data Incltsda NCHS' Vital itatifttlea 
and Mas teg Facility Zmmntoty datap thm Biviiion of Nursing's Survey 
af Public Health Ntt^g in and Survey of purging Personnel in Hesp:^' - 
tali ^ the ^erican Kursti' AsaQgi atian 'g Inventory ef Regi s tared 
Hyrgei and Inventory of lieenaadfgagtieal Surges , and the National 
Leagui for Nurgtne* e Nurae faculty Ceneue, Since all three of these 
types of data ari isgentlal in making the projections aceordlng to 
the procedures atlpulated in the JHZCW sedel, personnel who have 
ccnsiderabia skill in colltcting and organising the ahove data are 
required to use the WICHE model. 
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IV. MODEL VALIDATION 



The objeetivis of thifl chapter are threefold* First, it will 
LdmntLiy and dtseribt the validation efforts that have already been 
UAdertakifi by each of the model buildera* S^cond^ it will dlecusa 
how th€st past efforts may be tKtended in the moBt fruitful way in 
tirmg of furthering the initial objectives of th%§a efforts. Fin^ 
ally 9 it will exaffline what types of other valldstlDn teohniques may 
be applied to eaeh of the four models, Hoi^e^erf no validation teat 
vill actually ba £onducted| ratherp such teats will be designed as 
deamad ntoat suitable for latar implementation « 

Bsf lasting the diverse modallVkg approaehes imbodied in the four 
modeisp the validation efforts undartaken by the vodsl builders are 
substantially different among the mod^lsp not pnLy in teehnique, but 
tiao in eoncept. In fact^ different tiehntqaes are often used for a 
8in|la model I as in the case of the Pugh^Roterts aodel where four 
dlff erect tnathods of validation were employed « tn order to Idantlfy 
the various methods used for eaeh of the four modalsp Applied Man-^ 
ageQatit Sciences obtained information from the lo^dal builders 
dlrectlyi as well as from the daauments aeeonpanying the model 
reports. 4 careful escaminatlon of the varioui validation efforts 
undtrtakan by the model builders then revealed that the -differenees 
in the validation approaches adopted have resulted laalnly from the 
differencas in validation requirements . This ahaptar will attempt 
to suggest ways in which these efforts may fruitftilly be extended} 
if aud i^en resources became available for the future validation 
activities, 

With this goal in mind. Applied Management lances exwlned the 
full range of validation approaches available* A. taxonomy of all 
the validation tests is not presented} rather | all relevant valida- 
tion approaches were considered and, on the baiii of this review, 
the most suitable approach for each of the fo\ir ^odils in terms of 
its theoretical soundness and resource efficiency w$m developed, 

The variety of validation techniques considered for possible 
adoption fall into several ganeric categories, Probably, the most 
often used is the determination of the '-goodness of fit" of the 
model ovar the historical period from whloh tha nadel parameters 
ware originally estimated. While not a sufficient condition for 
achiaving forecasting validity , accurate historic tracking is a 
nacegsary condltionf so that this type of validity check is a very 
useful and strong test of tha model. In fact, only when a struc- 
tural change is indicated (such as ^en the astiwtid parameters 
have undii'gone a change indicating a modification in the relation-^ 
ships wong variables) will the examination of the historical track-^ 
ing ability of the model not provide implications as to the accuracy 
of tha model's forecasts. In addition^ the a^sBQination of historic 
cal tracking will idantify any divarging or cyclical behavior of the 
model ^8 faracaatSf as wall as any tendency for single equation 
errors to acctnaulata over time* 
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The goodneis q£ fit of a model can be ascaftained via a number 
of teehnlquai. One such technique is rigreision analysis^ which 
sitgply Iwolvea regressing the actual valuea of the endoginous 
variables on the predicted values and tisting whether the equations 
that result have Eero intercepts and slopes that are not signifi- 
cantly different from one. There are sa^**ral variations of this 
technique, but a particularly inforaativa approaah was that devel-^ 
oped by Thfil, as described by Dhrynies et al .l 

By ragraasing predicted values on actual values and actual 
values lagged one period, Theil is able to inveatigace 
whether or not predicted changes tend to be biased toward recent 
actual ahangis, Theil 's inequality coefficient and its decom-^ 
position into slements of bias, variances , and covariance is 
very clasaly related to this type of analysis and offers a great 
deal more infomation including some information on tlie tendency 
©f the fliodgl to make turning point errors, 1/ 

AnQther teehnlque that can be used for evaluating a model's 
predictive capabilities is spectral analysis, Aa with ragreasion 
analysis^ there art sevfct'al variations on this mfithod. far example ^ 
one can genarate estiniated spectra in a simulation eKparifflent and 
compare th^se spectra with those generated from actual data. In 
addition p erosa-^speGtral analysis can also be used to examine the 
differanais between actual and simulated data and to conduct statis- 
tical teste of the relationships that exist. 

There mrm ntmerous other measures that can be used in the evalu- 
ation of medal validity, Dhrymes at al, 2/ provide a convenient 
list of the range of descriptive measures that can be used. These 
nonpar ame trie ttieas^reau include ■ 

# Single-variable measures 

mean forecast error 

mean squared error 

#. the level or variability of the variable 
being predicted 

a measure of acceptable forecast error for alternative 
foreoasting needs and horizons 



i/ Dhrymes J fhoabusp et al. "Criteria for Ivaluation of Icono- 

metric Models*" Annals of Econottlc and Social MeaBuretfents , New 
York! National Bureau of Economic Research, 1, No, 3, July 1972. 



2/ Ibid., pp, 314-315. 
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• Tracking measures 



• • numbeif of turning points miasad 

numb sr of turning peints falatly predicted 

fiufflbir of under or over predictions 

t* rank eorralation of predicttd and actual 
changes 

various teats of rflndomnesa 

• Error deoompcsitions 

bias and variance of forecait ^rror 

• • errora In atart--up poaitian versus errora 

in thm predictsd changes 

identification of model subsactors trans* 
Bait ting errors to other sectors 

• Comparative errors 

•t comparison with various "naive" forecasts 

•» comparison with "judgnental" ^ "consenaua"i or 
other noneconomttric forecaits 

m Cyclical and dynamic properties 

•« impact and dynamic multipliers 

«• frequancy response characteristics 

Of course, tha application of these measures and techniques is 
not limited to historical trackings They apply equally as well to 
comparisons of foreaasts with posteatimation historically generated 
data. Moreover^ in the latter instance^ chargaa of circular reason* 
ing cannot be attributed to the validation approach. It may be 
considered inaffieient though to avoid using the moat recent data in 
the model eatimatioa process in order ,to be able to imediately 
apply a forecasting validity check (that is, without a considerable 
lapae of time}* Generally, the model builder uses as much data as 
possible to eatuaate the model (particularly the most recent data) 
in the presumption that the precision thereby gained will reduce 
forecast inaccuraclis to those that are largely the result of inac^^ 
curate forecaat ceiiditions (that is, the erronsous specifications of 
the future values of variables that are eKogenous to the model) f 
rather than those resulting from inaccuracies in the structural 
ralationahip estimates # 
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Faaa validity of forecasts often can be aseartaliied even In the 
nbsence df hlgtorlcal data. For exraplef foreaasts of negative 
wages y graduateap enploysaant Itvelsy and so forth eausa some eoncarn 
for the validity of thm foreaa^8t» By the same token i a foracaat of 
employment for industrial nuraea aa high as that for hospital nurses 
ahould cause sone ccnaern to both the model builder and potential 
aodel user* While theae types of foreaasta can be the result of 
InconBiatent foreaaat cofiditionsi they can also Indicate that the 
model doaa not perform well outside of the range of data used in its 
eitlnation. Such face validity prablems nay even identify invalid 
underlying modal aasiMptiona or inappropriate baseline simulation 
assimptions. At the least p faee validity problems neeesaltate 
further careful , and often mcroacopicp eKamination of one or more 
specific sectors of the offending model. 

Closely related to the face validity checks are forecast con* 
sistency checks t These occur ^ere the policy forecasts typically 
giiierated as part of the model sensitivity tests are examined for 
QOnsiateney with the ecoQoiDic theory that is supposed to be under- 
lying the iquatlons of the model. While this test is most often 
used to isolate keypunching errors ^ data coding errors , and other 
errors p it is also useful in testing model validity when the model 
is either highly recursive ^ or largely siniultaneous but estimated 
with OLS rather than a multistage process* For example p if a large 
demand subsidy eKperlment is implemented (such as medicare) ^ and 
citeris paribus the model predicts a decline in the prices of fac* 
tors for i^ich there are derived demands ^ then either a keypunching 
error has yet to be discovered or the model has a serious consist 
tency (validity) problM* In the following , the most suitable 
validation technique for each of the four models will be presented 
on the basis of the consideration of the types of available validity 
tests discussed above. 

Validation Tests Conducted — Vector Model 

Pour types of nurse requirements projections were made by the 
model builders for each year from 1972 to 1985, for each of the 50 
States* These nurse requirements projections were m^dm under four 
different scenarios i baseline scenario, Iffll scenario, 1M0 scenario, 
and nurses role reformulation scenario. Under the baseline sce^ 
nario, the forecasts were also made for six separate provider set-- 
tings as described earlier* The validation tests conducted consis-^ 
tid mainly of lace validity checks of those projections. 

There is one main reason why the validation efforts of the model 
were so limited* The number of nurses required cannot be measured 
by the actual data, because these nursing requirement forecasts are 
intended to represant the number of nurses that would have to be 
wployed to meet projected levels of health service utilisation 
while maintaining aMlsting staffing ratios « This concept of nursing 
requirements does not necessarily correspond to the number of nurses 
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actually enployed. Therafora, m cMaparison of thase foracssts with 
actual mram employmant data would be inappropriate* 

Extiflsion of and Proposed Waw Validation Tsits— Vector Modal 

Bimm the numbar of oursas rtqulred Is not observable i exten- 
alona ef the validation efforts will have to be liiaited to oonsls- 
tincy cheaka of htalth sarvicM utiliEatien forecait8^3/ Such 
eotislataiioy eheaks can ba eonductad by cpmparing projections of eacl 
Staita^a haalth aarvicas utilisation w4th the actual data betwein 
1972 and the last year for which the data are available. 

An additional test of the Vector model can be parformed by com- 
paring tha model's forecasts for the State of New Mexico with aiml-- 
lat forecasts developed by tha CSF model. Since theie foreeaats 
hiva already been madsi it would require very little additional 
effort oil tha part of tha Division of Nursing to conduct such 
taatSt Although their wodaling techniquei differi both models fore- 
east health service utilisation in acute care and long-term care 
sattingSj 4/ and the nursing rtquiraments concepts are similar- The 
Pugh'-Rob«ts model forecasts of the Nation's nurse requirementi 
iindir conditions of no intaraetion between supply and demand provide 
another basis for internodel cOTparison* The Vector model's project 
tiona mtm at the state lsvel| but the model builders have also 
^$&tmgmtmi them to the national lavel. Thus^ the two forecaita can 
eaaliy hm compared * 

Piaally, the values of impact parameters representing the rela- 
tiva magnitudes of the affaecs of health care system changes on the 
health sarvicas utilization can im evaluated. The parameters repre- 
senting the siza of the affaot of the NHl program on the health 
sirvices utiliiation corrtipond to the price elasticities of demand 
for htalth services, where the price of health services is reprs-^ 
seated by constraers' total out*of*p©cket expenses. For exampla^ 
under the first NRI scenario ^ it was asstuQed that tha average inpa- 
tiant coinsuranca rate would decrease from 10 t© 5,3 percent, and 
that lor ambulatory sarvioe would decrease from 60 to 39 percent i 
rhese eorraspond to a 47 percent decrease in the price of inpatient 
care to consumarSi and about a 35 percent decline in the price of 
ambulatory care. Under the second MHI scenario , it was assiuaed that 
there would be no coinsurancei which amounts to a price decline of 



3^/ in the making of consistency checks , the objective is to iden^ 
tify modela which produce outlier forecasts for further gHamiti^ 
atioQ, and not to suggest that the best forecaat is average of 
tha distribution obsarvedt The outlier forecast mayi in fact^ 
be the most accurate forecasts 

4/ In the case of the Vector model , these would eorrespond to the 
hospital inpatient and nursing home settings, respectively # 
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100 pirQertt* Qlvan thtsi pviet declinfis, and tht Vector modil's 
projaafcictia tha resuUlnt Increases in hiaUh services utilisa- 
tion, the ^aievaiit Utiratute can b€ eonaulted to ate whethar the 
Vaotot inad^l'a aatimstes art reallatlc* 5/ 

If tim reiQufcea ire raade available^ empirical atudiei of 
the affaets ehflngeo in the colnsuranee ratts on health servioea 
utiliEatioA eaci ha raade to validate tha Vector model's foreeasts 
under the NHI scanarios, rha ©Dit benaficlal ratthods of lueh studies 
would invqlvi oaultivariate analyiss of the effects of changes in the 
iviragi coinsuranoe rats of the reildents of the SMSAs on the per 
capita ucilisatien rata ©f acute inpatient servieas. For such 
studies I daca nuat be avatUbla on the eeinsurance rate, health 
services u til IE a tioni and other faotsrs affecting the health services 
utilization for a suffiaient number of SMSAs over several years , 
prefarably 1972-77. If multiple regregiion atialyeea were usad, the 
magriituda of the coinsuraiica rate CGefficiinti where the depandent 
variable the utiligatiDn rati of acute inpatient servieea, can be 
eoraparid vith the Vector m^odel's forecasts of the ifflpaets of the NHI 
icenariog on tht health services utlllgationi 

The Victor inodel^s projections of the magiiitudes of the impacts 
of the grov^th oi HMOs on health services utilisation can also be 
examined to a^e^rtain whether these projections are realistic. Under 
the firat j^o scenariop It assumed that the total number of new 
HMOs for all States was M par year. Under the second HMO scenano, 
an average of 65 new HMOs per year was assimedj indioating a growth 
in coverage of from 2^4 peicent of the Nation's population in 1972 to 
10.6 percii^t in 1985* 

Wiat afftcts HMOs have on the utlliiation rate of health services 
cmnpared vith the fee--f or-sarvice node of delivery is an unsettled 
issue. Qm tbitig appears to be certaini It is that HMO enrollees in 
general ha^rt & lower rate of utlliEation of inpatient care. The ef- 
forts to vaUdati the Vector model "a estimates of the effects of 
different rates of the groi^th of HMOs should, thereforep be in the 
direction of ehaclcing for pUuslbillty of the model's forecasts of 
inpatient carp utllliation under the two 1010 seenartcst 

Validation Teff ta Condueted--CSF Model 

Two types of validation tests were performid for the CSF model as 



5/ Some of the relevant literature are Richard Rossett (Editor) ^ 
The Rpi a of Health Insurance in the Health Services Sector ^ (New 
Yorki^SHonil Bureau of Economic Hesesrch, 1976) | Lien-fu Huang 
and Ilwood ShomOf "Asaessnent and Evaluation of the Impact of 
Archetypal National Health Insurance Plans on U*S, Health Man- 
power Requlrefflentsi" HEW publication HOi (mk) 75-1, July 1975| 
and Anna a. Scltovsky and N.M, Snyder, ^'Iffect of Coinsurance on 
Use of Phyatcian Services," Social Security Bulletin , June 1972. 
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a pirfc oi the tasting atid ftvalwitlofi ptocadur^' f irfit typ^ coti-* 

iisted of the goodness cf ^^ff^ testa eond\jctid fer^ TieAltli atrvicas 
iitiliiatiofi submadil tht laute £art itfng^teOT ca*i rfaeili- 
timBm Thm m^Qond t^pe ^^nslitad of farecaat tfoa^ipteiLcy checks aoft.— 
duetad far htalth lervicis \itlLlgitlDn said na^ia si»Jpl3f ^uboaod^is, 

In «dgr to Skeins the rtLativ^e pario^s^ca off th^ instlt\itiori 
specif ic BvbmodmlBf thi goodntsi of fit teacg w%^t ^on^uettd u^iog 
rtgrassion aMlysis. '^$mty Bt%p^wiBm rcgtes^ioiii ^un on d^tc 

fer lonf-tarffi eara Cacilitt^i Ltt th# Madiaany Wiae^wiai jsegiDti , 
Pat 1 ant days weM usia w tlia depaadetit ^ttisftla la all ^egms^i^na - 
rha difference be^^tn ^quatiosa ^as rtflaeted txi cte ^haice of ind#^ 
l^adant. variiblas and thi gwiipiai cf hoapitaJ-s* H^^pitaXs wr^ 
groupid aceprding ts si^a aiv^ ^oatrel foi the lo^g^tenB aire f^e£ll-- 
tiaijVand accordliig to thrs^ addltlcftal clftflsiftcatiQn vari^bl^s 
(tachnolo^, taachiagp at^^^ic*) foi ha a^ut^ a^?e f^cilitie^* 
rha indapaiidant variabl^i i elttdtJ a var aty ^ia^ur^a rtprt^tiitiiig 
agaVra«f income I naort^lity rate , physical supply, an^ taQipit^l becJs 

Two types of statistics i^ert jatiarat^d f^^n the^e uttll^atioim 
sybffiodel regrasaions to be iised lii the gcodni^s cf Jit taiter rZ 
asd the atanuard atroir ©f th^ p-itlMt#* As etaowi i* Tab lis 4.1 mni 
^•^r 8^ values raagad fros *34 to .76 ameng tW 50 ^aute ei« ^qt^a^ 
tions j. and »Sp to i37 aoioBg the 8 lang^tarm e^^e eq*iatloiiSj resp^e^ 
tivelyi^ F©r aevsraL of theai equatisns^ a la^i^ prtfpoaftton of tl»^ 
total variation in tha dspa^deat n^arlabics ritfii*id unexplained by 
the indapendent vatlablmi aa apeeifiad* S©ng^qu#ntlyf ic w^s 
aicpa^ted that the aquations i^eu Id provide Qnl^ g«D8^ estifflfltes off 
health sarvica utiliEation the ttigtittitlon^l iey^l im b^th t^i^ 
of fa€£litiaa« This wm coiifiraed by the Cor^^a^t ^on^i^taDcy chielc, 
cottduotad at the aaaa MadiSQnf t^iaeanain test ii*t, wh^f^ a eooip^r^ 
iaoti of the ragreaaloa Cortqasta mth aetual ins*it^ttcnsl data tndi- 
eated large peroentaga ^rcoYi iti raaoy aaaeaj 

The eonslatancy chiQlcs ceftducted i^ltl* ttot ^ctmaaL dott i&t 

the 1975 foreeaata ^£ patlatit days and nursi supply torn mil achate aod 
leng^^tara cara aggravated to tbm m^lt%plm*^Qa\xttty la^aL at 

the thMe ttat sites I the Madiacn^ WiscocsLn ifigion^ ttoi Vaehingcan^ 
D«Q« araa^ atid the Stata of Hew Maxieot Ta^i^ 4^3 ^ho^§ thm fmBxt^ltm 
of the cenaiateney (da^k^ of the iorieasti of paciatft diy^s £n which 
the prWdicted patieat days art to th^ a^tu^l i975 iralisss in^ 

mast caaes . che pr^gd^€t#d ^nd actusl valvar 

art lar|ast for aeiita ow in b^th Wa#hitf|tan and New 

Mediae. ^/ The eloaaftaas b^twa^n pridicti^ tr»d ^eti^al patl«t daya 



i/ Furthar analysis csf tha Maw M^Kioa rasiilt# «vt^Ud that tbe 
higher level of arfar resultad Ctom m Imm'^ ^vi^aga ^ceisparicy 
rate (65) and a hi|her Qanaencratlon of h^ipltals An th^ snnall 
slia category (50-145 bads) In Miw HeKLco th^ti che natlmal 
avarage* 
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7AJLE 4.1 s CSf MODBL r2 ^jjp, STANDS IRROR OF ISIIHATES 
FROM STSP-WISE RJCRESSCONS OF ACUrB CARE 
FACIL-iTf ES m tat WSlmW, WXSCONSIM SGGIOM 



Standard ErMr 

ttfldel Kumber* of getijnat€ 

1 ,394- 2632 .7 

2 5599.9 

3 .364- 5932.1 

4 .533 14395 .3 

5 ,6n 10580.0 

6 ,767 11915.9 

7 ,104 27660.6 

8 ,458 E49.5 

9 .491 949-0 

10 .373 2550.0 

11 .453 14-53.4 

12 ,578 2583.0 

13 .416 5366.2 

14 ,501 4-35.5 

15 ,403 1115,3 
1.6 ,387 7888.9 
1.? ,555 2922,7 
LB ,578 8104.8 
L9 ,341 7828.9 
20 .738 1760.5 



*p€pendent variable Is patient ds^i. HodeZ. iquations dlf fir 
accordi.ng to the eombinatltfns of indapgndent variables a]!acifL«d 
and thm gTOupings of hopplctls, 
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^ABLl 4.2 s CSF MODEL R2 ^ SrANDAED EREOX 

OF ESTIMATES FROM STEP-WISl RECRlSSEflU' 

OF LONG-TISM CABE FACILITIES lU OTl mJCSON, 

WISCONSIN RECIOK 



Stindard Error 

Model Kimber* e2 of Estiiate 



1 


.303 


1342.3 


2 


.734 


1505.? 


3 


.787 


2894.0 


4 


.610 


S324.6 


5 


.850 


14602*.? 


6 


,878 


7259. 2 


7 


.863 


1473. 4 


8 


.674 


7217. 6 



*D€p€Qd€iit variatLe is patient days* Kcdil mqmtimm differ 
and thi ireupings ot hospitali. 
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Ti^BLE 4.3 ^ CSr HDDRl C0f«'4JISONS OF 1975 PRIDlCTED 
Am kCmAh AGlIEl CARE AND lONG-TERM CARS 
M'KWt MTIS W SEIECTED ASIAS 





Pridicfcedt. 


Actual 


Peviation 






969,703 


1.3 




929, 


926,309 


■+ .4 




2,9l6,a3S 


3,110,425 


-* 6.2 




1, 032,tt3ft 


956,835 


-♦7.9 




U014,£67' 


1,036,191 


- 2.1 




2, 702,&75 


2,440,033 


-♦16. a 




2,245,M9 


2,312,900 


- 2.9 




2,425,58C> 


2,368,733 


-♦ 2.4 
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indicfltts that tht aggregation of the Institutional forecasts to the 
multiple--cciiiity level tends ta improv© tht accuracy of the fiDre- 
casts* For this tesaon, tht ffiodal buiLders CDncUded that the most 
appifopriatc vat of the acute cars and long-tera eare aubnodels would 
hj to aggregata the foracasti to the county cr Epultipli-eountjr level. 

Anothir iet ot forieaat eonsistency checks was conduoted by 
coaparitig th# predicted nufflber of RMs, IPNsp and nursing aides with 
the actual mmhrnrB at the multiplt-couttty Itvels in the three test 
sites for 1975 • Table 4.4 sho^g the raaults of such comparisons 
perforaad for RNs in all aettings inelttdtftg ^bulatory, comunlty and 
public health, and ©thert The predicted valutfl are cloet to the 
actual one t^eept for the RMs in the loiig-Ciria cire facllitlsi in the 
Washingtonp D.Cp area* In fact^ there is m differenee between the 
predicted and actual values in the settings ether than the inpatient 
setting. 

for the hospitals in the Madison^ Wisconsin arsa whefe norm 
detailed data %imtm available^ a eomparla&ii betvetn tht predieted and 
actual patiint d^ym for 1975 of each inatlfcution was conducted with a 
itatistical nathod ci^lled the "ttst of dlfifirenci between t^o 
means'^^ As can be seen from Table 4*5f a total of 19 different 
regression models were applied to the ieute care hospitala la the 
Madison^ Wisconsin area, Uslnf the 20 hospital group equations 
described earlier in rable 4*1 for acute care hospitals, a prediction 
of patient days was made for each acuti eare hospital in each groupi 
8/ the siaan predictioniE fo£ each group !?ere thm compared to the 
actual raMtti for the sami gtoup of hospitali. The differencei 
between tea ana were then ewmined for ^IgnificMt differences 
according to the t-test at a 95 percent leyel of confidence. As can 

^^en froDi the table, only two Baodelg otf |roupi of hospitals showed 
signiflctnt differences at this level of confldenct between the means 
of the actual and predicted valuis of patient days, although it 
should ba notid that only models 9 and IJ had a "reasonable" number 
of degrees freedom and one of these exhibited a aignif leant 
difference » 

As a final method of checking the foracast consistency of the CSF 
model, the predicted and actual nwbers of patient days vere cottpared 
for etch hospital separately* The difference between the pridlcted 



2/ Thm InatLttttldMl forecasts have to be aggregated to the county 
level in any event in order to be consistent ^Ith the nurae 
supply forecasts and the forecasts of ntjrilng requirettenta in the 
other tiiio employment settingi- 

B/ No ejcplanatlon was available as to why only 19 of the 20 acute 
care aaadelg were used, Possibly the 20th model referred to a 
null sat in Madison j Wisconsin, 
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T4BtE 4.4: CSF MODEL COHPAMSONS OF 1975 PIEDICTED 

mi kcmtJ, RieisraRED noesb sopilies by tvpe 

OF PIRSOHHIL Mm I^LOIMNT SETTIKOS IN 
SELECTED 



Categov^ 


Prediceed 


Actual 


Percent 
Deviatioii 


Uadisont Witeonsln 








Acute Care 


1611.1 


2015.0 


-20.0 


Long-Tem Care 


391.9 


475.5 


-17.6 




205.2 


205.2 




CooiQunicy and 


366.5 


366.5 




Public Health 








Other 


93.8 


93.8 




TOTAL 


266i.5 


3156.0 


-15,4 


New Htxico 








Aeute Care 


5791.5 


5849.0 


- 1.0 


liOng-Tim Cire 


320. S 


39U4 


-18.0 




828.3 


828 a 




Comunity and 


1763.1 


1763.1 




Fublic Health 








Other 


1259.4 


1259.4 




TOTAL 


9963.1 


10091.2 


- 1,3 


Waahin^tan^ D.C. 








AeuCe Caie 


1837.0 


1775,8 


+ 3.4 


Long-Tarn Care 


152.2 


89.4 


+70.3 


Anbulac^ry 


2S4.S 


284.8' 




Coinotunlty and 


607.5 


607.5 




Public Health 








Other 


448.5 


448.5 




TOTM. 


3330.0 


3206.0 


+ 3.9 
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T4BU 4*5 I CSF MODEL KISTS OF DtlFERINCES BITOEEN ^AMS 

OF ACTUAL AND PREDICIID FATIENT DAYS FOR GROUPS 
OP ACUTE CARE HDIFIIAIS IN 105 



Model Ho. 


Numb cf of 
Data Solnts 
(hospleali) 


No* oi Dcgfsis 
ot Freedom 


Value of 

t*t©8t* 


Significant 
at .05 level 


1 


6 


10 


-0*28 


No 






10 


-0*84 


Nq 






10 


*0,12 


No 




1 

1 




HA 






0 




NA 






3 


4 


3*29 


Yes 


f 


3 


4 


0»30 


No 


A 
o 






0.99 


No 






22 


)9 /in 

3,49 


Yes 


10 


1 




NA 




u 


0 




m 




12 


3 


4 


0,26 


No 


13 


2 


2 


1,22 


No 


14 


I 




NA 




15 


10 


18 


-0.15 


No 


16 


I 




NA 




17 


3 


4 


-0.53 


No 


la 


3 


4 


2.09 


Mo 


19 


5 


8 


0.41 


No 



*Heg«tiv« values indicate that the actusl meani vas higher than 
the pxadlcbed aeins . 



NA - t-t^st not applicable due to lack of data points. 
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and actual values varied a griat deal ranging from 12 to 572 percent, 
Bowev»^ Cha individual institution ca^dels were not eKpected to give 
highly sesurata r€iiiiti» aad these medels ware dealgiied to be aggre-^ 
gated far tha total planning aria, 

BxtansiQn of and rropoged Kew ValldatLon Ttsts— CSF Model 

The above iuggsacs soat additional areas where the validation 
teats can effectively be extended* One is simply eKtending the 
perled of forecasts after 1975 aa more data beoCTae available* This 
will allo^ fi tep^mt of the foraeast consistency checks for a period 
of nare thaii oM year* The period for which the actual and predicted 
values are conpafed can also ba axtioded backward, toward the yeara 
before 1974f in order to allow checking the historical tracking 
ability ©£ the CSF Qodeli 

The second area where the validaticn tests of the CSF model can 
be iKtended fruitfully is to apply the methods described above in 
cbacking tho forioaat consiateacy to all the forecasta possible with 
the available data» For example ; the tests of difference between two 
aeana vera used for the health service utlllEatlon forecasts at the 
Institutional laval in the Madisonp Wieeonsin region. These tests 
can be applied to the nurse CTplo^^ant forecasts for patient service 
areas in all test sites. 

Finally, the goodnesi of fit teats conducted for the projections 
of patient days la acute and long-^terra care facilities were limited 
to the Madiioni l?isconiin region only. These lame tests could be 
applied to nurse supply projections and in other than Inpatient 
det tings and, to the extent data are available, in the other teat 
sites as wellt 

Validatlan Teats Copducted — Pugh-Roberts Model 

Of all the four models j the pygh^Baberts model was subjaeted to 
the most validation tasting. As a pare of building and refining the 
model on a trial and error basis, four types of model validation 
tests were undertaken by the Pugh-^Robeirta model builders* The first 
type consisted of checking Che ainulatlon results for their face 
validity or plausibility* Face validity checks of initial siiraula-- 
tions writh the nodel revealed a nwher of inconsisteticies betwen 
model relationships p and asptctt of model behavior, that appeared 
unrealistic* This is to be expected la any complex. system during the 
process of develcpfaent which relies heavily on a priori data ar in a 
Systw Synanic# nodal. The naeaisary modifications wieref of course, 
made. Then the results of slnulatiorts conducted following thase 
modifications were further examined for plausibility by a Task 




Pdtca.^/ axanlnation revialed iome sddittorial struetural ineoti- 

sistatteits and uni'aaliatic behaviors in the model i which were subse- 
quently eorraetad# 

The second type of validation teat condueted iot the Pugh-Roberts 
modal eonalited of forecast oensisteney chtcks, This was done by 
carefully scrutinizing simulation results fer thi Clrit 4 years ©£ 
the foreeast (1972-76), and coBiparing them with data available for 
thoie ysars* In addition^ thesa forecasts wets cewpared with similar 
pfojactions made by the Research Triangle Instltttte and the Inter-- 
Agmncy Conference on Nursing Statistics* As m riault of these com- 
parigons, some major adjusMents or calibrations were made to the 
model. 

As cha third type of validation test, thg pugh-Roberts model 
buildirs chacked the historical tracking ability of the model* This 
was done by running a series of simulations for the period from 1962 
to 1972, under a variety of assMiptlons* The relults of the initial 
simulation were carefully exOTintd to see h©^ closely the model could 
dypllcata real-^world behavior during the period* The results 
dlyerged somewhat from the real'-world behavior as Indicated by the 
historical data. It was dlseoveredf however, that this was because 
the assOTptlons made with respect to the exogMOus variables in the 
simulation runs were not applicable to the conditions actually 
affecting nursing in these years. A new set of simulations was run 
after correcting the assimptions about the sKtirflal factors affecting 
the supply of hospital and nursing home beds, and the results con- 
formed more closely to actual behataors observid during the 1962-72 
period* 

Claarly then, the face validity tests, foticast eonsistency 
teats, and the tests of historical tracking ability were undertaken 
by the Pugh-^Roberts modelers as logical steps t© Vifine the model. 
As the final step of refining the model through tha validation testS| 
pollcy/assiimptlon impact forecasts were generated by the Pugh-^Roberts 
model builders as a part of a set of sensitivity tists* Sensitivity 
teits conducted with the Pugh^Roberts model must mlmo be considered 
as vaiidatlon tests, because the model's projections involve various 
asitsaptians about the possible ohanges in health ^art systems moat of 
which are expected to be induced by specific poli^laa* 

Sevtfi sets of simulations were conducted as s^nslcivity tests 
with the Pugh^Roberts model. Each simulation invi^lvid limited 
changes from the baseline assimiptions. The types e£ changes in- 
corporated into each of the seven seti of simuiatlocis werei 



In response to a concern that the model be an accurate represen- 
tation of nursing and its role in health carei a National Task 
Force was formed and played an important role in the model devel-^ 
ofaent • 



(1) 



a doubliiig In the size of educational programi and of appli- 
can^i to thoae programs 



(2) a daollne in diploma progrataa that resulta in a complete 
elialnatlon of diploma progrras during the first half of tha 
simulation 

(3) a more rapid growth in the total population than In tht 
hasellnal and a death rata that is 3 ptretnt loveT for all 
agi catagorlas than the rates used In the baaelliie 

(4) a large^ rapid shift in the demand for nursing pe^aonnel it 
hospitals I especially during the first 5 years o£ the aimu^ 
latlon 

(5) a empleta elimination of all affects that cause £hangea to 
occur in edueation, other faetors affecting supply, such as 
labor force participation i and demand as a result of supply- 
de&and mismatohei 

(6) a complete elimination of the effects of supply and demand 
miatnatchas (almulatlon 5) combined with a shairpi rapid 
incr'gase in hospitals' demand for nurses (simulation 4) that 
helps to ereate a signlfleant mismatch 

(7) an assumption of no change during the coufsa of the Simula- 
tloa in breadth of nurses responsibilities ^ fraction of the 
hospitals that have colleetive bargaining agrae^afits with 
nurses I and fraction of the hospitals that pay different 
vageg to RNa at different levels of preparation. 

tha results of the seven sets of simulation ara prasented In 
Tabla 4.6, >?here for each simulation the percentaga dlfferencea 
betwean valuas of variables in 1990 are displayed* The larger par-- 
eentage oha^nges shown In colinan 1 relative to oth^r oolwina indicates 
a graat« sensitivity of various aspects of the modsl's btliavior to 
the assumptions of doubling the sime of educational progrins and the 
number of applieants to those progrras. Tha neact largaat changes 
from baseline valuas are predicted when there is a rapid increase in 
hospitals V demand for nurses with no market adjusting prae^ss due to 
supply and demand mismatches (simulation assimaption 6)* 

Extetision of and fgeposed New Validation Tests— Pueh-RQberts Model 

Since the .validation efforts undertaken by the Pugh^Roberts model 
buildars have bean so thorough^ no additional types of taits appear 
to be necasaary. It is suggested i however ; that those validation 
tests already aondue ted can be augmented by extending the period of 
tha foraeast consistency checks beyond 1976 as data beeomi avails 
able. Alad, as mare projections from other sources (othar models) 
become available, the Fugh-Roberts model's forecasts should continue 
to the cotDpared with them. 




TABLE 4.6: RESULTS OF SENSITIVITY SIMULATIONS: 

PERCENTAGE CHANGES FROM BASELINE VAXUES 
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Bsyond the above updatlngs of the foracait eotislateney eheeks, 
th# best way to txtend tht validation efforts ucdartsfcen by the Pugh- 
Rabex^ta modal builders is to serutiai^t nota elosely and validate the 
multipliers » The multlpliara specify tha nagtiituda of Impacts of 
ahanges In various factors on key variabias in tha fugh-'Robarts 
models Table 4,7 BhWB tha role tha multlpllara play In datarmining 
Qursa supply. As cm ba saen from Table 4*7| as the ratio of the 
aurfent raal wages to If 72 wagas ehatigas by 25 paraentj the nursa 
labor forae changes by 5 parQint in the sMie dlreationt 

The validation of such a multiplier can ba aonduated in either of 
two different ways* First, tha raal-waga multiplier with raspact to 
tha nursa labor forqa oaa be eheckad for plausibility and realism by 
ecaparlng it with similar eoefficianta astlaated by other studies, 
Whefa tha multipliari eKamitiad hava not been studied previously by 
othirs^ or where direct aomparisons ara not possible beaause of tha 
different approaches takan^ their plausibility can be furthar exaur^ 
inad on thaoratical grounds ^ that is, on tha basis of conslstaney 
with ralavant litaratura or a priori raasoning. 

Tha second suggastad tMethod ef validating the multipliars would 
ba to conduct salac tad amplrical studias consisting of correlations 
batwaen tha impacting variables and the impactad variablas (such as 
wage rate and nurse labor ferea)* Multivariata analyses may ba con«* 
ducted for such correlation studies. For a^miplai to the extant data 
are availabla or collactad on tha nursas wages i nurse labor forcat 
and other factors affacting nursa supply for a sufficient number of 
the SiSAs ©var savaral years, multiple ragression analysas can ba 
conducted to astlmata the partial impacts of wages on tha nursa labor 
forca. Than, tha estimates thus obtained can be comparad with or 
even raplace tha multipliars in the Pugh-'Sobarts modal. 

Validation Tasts Conducttd — tnCHE Model 

En ordar to cast tha Wl CHI model, six itates wra aalactad as tha 
project tast sites* Thay are Iowa, Louisiana, New Mexico, Maw York, 
Rhode Island, ^d Waahlngtoni In all but Washington, nurse requira** 
mants and resourca projactions wera made or ara baing mada according 
to the process specifiad by the modalp^ In additioni although they 
art not membars of tha six States selactadi Colorado and Mississippi 
have also tsstad the WICHl ttodel on thair lnitiativas# 

Tha projection* mada in these Statas wara scrutlniMd by tha 
panel of eacparts yiio partlclpatad in making the projections and the 
advisory committaa of the pilot test Statas. In addition to such 
face validity tests I tha nurse raquiremants and rasources projactlons 
nada according to tha WX CHI process hava baen compared with the pro* 
jections mada according to other models in Haw Maxico* As a result 
ofthasa validation af forts, mcmm raflnraants of the WICHE modal hava 
been mada« Thasa fliainly involvad changing assmptions md altering 
tht raquirements calculation software accordingly • 
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TABLE 4.7! 



EFFECT OF VARIOUS FACTORS ON THE FRACTION OF LICENSED 
NURSES AT EACH EDUCATIONAL LEVEL tfflO MM IKPLOYED OR 
WILLING, TO CONSlDIE.,m'LOYlENr™PUGH-ROBERTS MODEL 
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Extensibq g^f gnd Pygpescd Haw Validation rtstg-^IJrCHE Mgdel 



Th« eorivtntlanal vslidatien testa etnnot Is applied to the WICHE 
nedel* Veltdit^ t€flts^ ehwtfore, must hm tailored to WICHE's non- 
traditioml tttfdeliiig approaeh* Onm posaibility for mCHE is to 
tmconutitu^m thm vmmlB £ot thm BLx pilot test States, but with 
dlitnwt ^TOpositions of intertats and points of viavi so that the 
jensltlvifci%a of the ssdel outputs to the panel compoaitlona oan be 
B3CmTtainm4y If a great deal of sueh sansltlvlty exista, for most of 
the six Ut0tMf it should ts atlpulstad that the ttodel be used mainly 
to produw ^opditional projeQtions, whets tht condltiona ahould rep- 
*'®sent varying sets of asswBptions that are responsible for the 
fflajority of tht sensitivity. 

An altgtttati^e iuggestloii tor mcm model validation is to eem-- 
pars ^ the jreaults of the pilot applications mang the six States to 
see if cha <i{imfmmm^ if any, In the projected nunbers of nurses 
required available per eaplta Moung Statai can be rationalised 
in tenas of tw© criteria. One Is the stlpulitid health ears goals 
that the psnsl used in nalilni nurse rsquirenenta projections. 
Another is^aeh state's population compositloQ and soeloeeonomic 
conditions » 

It iraa not^A above that the projections nade by the WICHl model 
for New Wsstico have bsan compared with chose oade by other models. 
Such comp«isona Mn be Mtended for projections nade for other 
saetions by tha Veator and qSF fflodsls* The Vectof State model has 
made aurie rsquirsments fcracasts for each of the 50 States from 1972 
to 1985 at the nine smploymint settings. As more States join the six 
pilot tist Statas to use tht tflCttl model to nakfe nurss requirements 
pr©ject^om^ thosa projections ctii be comparsi with the Vector 
aoders projsctlons for comparability. The CSI oodel's Institution^ 
specific pr^jictlons can also bs ag|rigated to the multiple-county 
level and c^smp^red with the WICHE model's projection^ at the substate 
level, Asi ^snttcned in Chajter 3| the WICHl model can be used to 
fortcast mpB% requireasnts and research at the substate level. 

Finally^ ilncs the WICHl modi 1 is dsslgned not only to provide a 
process fpt fo^ecaating but also to educate polic^akerSj the model 
caa be exi^ittid fruitfully to see how well It succeeds in its task of 
education* As mwtionsd In Chaptsr 3* the WCBE sodel provldss a 
grsat deal Cff background matarials and data* As another validation 
tschniqus fM Ch^ WICHE modal, it la suggested that thsss background 
materials aM data be scrutlniEsd by ixperts and policymakers to 
aac€rt«lo tb% model's perfo^^^ in its task of •'descriptive clari- 
fication" lg/**^the deternlnation of the prassnt and past trends in 



W/ Gary Irawar, in Politics^ Bureaucrats, and the Consultant (New 
forki Ba^li Bo©ki, 1975), p. S§. — ' 
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problem areas. For all types of models , it has been reeogniied that 
models are Instruments for essploring reality as well as portraying 
it. The validation test suggeated far the WICHE model to ehsek its 
deaeriptlve alarif ication oan be SKtended to an axmination of the 
model in terms of its usefulnsss in exploring as well as portraying 
the reality of the health eare and nursing seotors. 



V. MODEL INTERACTION 



Chapter 4 dasaribed how the validation efforts of the four 
models may be axtetided fruitfully and It also suggested new vali-- 
dation approaches for each of the four models. The validation 
efforts are directed toward refining the four models Individually 
and, thereby^ improving their forecasts in teras of the oonfidenoa 
one can place in them* This chapter addresses the isiue of how to 
increase the value and usefulness of the four models by using them 
in combinationi rather than singly* The objective of this chapter 
is to identify and describe mathods of combining the four models 
that appear to have the highest potential for payoffs. In order to 
identify such methods ^ a discussion of various techniques for com^ 
binlng or linking models is presented first* Theni the techniques 
judged to be most applicable to the four models are suggested for 
possible Implementation. 

It Is I of course, beyond the scope of this project to actually 
apply the suggested methods to the four models* Rather, the intent 
was to examine each model carefully^ undertake discussions with the 
original model builderS) ascertain the needs of the Division of 
Nursing, and design and suggest the most appropriate interactive 
modes based upon the findings* It will be left to a future effort 
to act^ually implement and test the efficacy of these suggestions and 
designs. 

Methods of Linking Models 

In mialyzlng the exist ing modes of model interactlonsi two 
different types will be defined^ vertical model interaction and 
horizontal model Interaction* Vertical interaction can be defined 
as the process of physically linking the exponents ^/ of two or 
more separate models. The investigation of the potential for ver- 
tical integration of models requires a disaggregation of each model 
into Its component parts and a comparison of the structural charac^ 
teristic of each complCTentarlty* 

In evaluating the potential for vertical linkage, the major 
issue to be addressed is that of compatibility* The question of 
compatibility can be examined by looking at the intermediate and 
final outputs of each model and comparing thra with the initial and 
intermediate inputs of the other models. In other words, the com- 
plraentarlty of the sectors addressed by each model may provide 



\J Each of the four models contains several components or sub- 
models* The model structure specifies the role of each com- 
ponent within the models and the interrelationships among the 
components* Chapter 3 describes the model structure of each of 
the four models. 
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§m% pptential for vertical linkaget If one set of variables is 
treated axogenously by one modal component but generated etidogenouily 
by another model eonponenti a poisibility for linkage may exist* 
Before a vertical linkage can take place, however, a compariion of 
the definitions must be made to see if they are compatible* One 
model may estimate all registered nurses employed in a hoipital 
setting, while another model may Include registerid nursei in public 
health nursing as mil. It la extreraely important to recognise and 
account for such definitional variations before model linkage is 
attempted. 

On the other hand, horizontal interaction is defined as inter- 
active intermodel usage in either a prescribed sequence or in an 
iterative fashion, rather than a formal linkage of model components 
and equationi* By way of further explanation, there are three vari-^ 
ations of horizontal interaction which can be identified to this 
pointi 

# parallel use of models ^ providing a range of requirements 
forecasts corresponding to the different aiaumptions and 
methodologies of each model 

• complementary use of models mixing the use of the models 
to take advantage of different costs, turnaround times , and 
other factors 

m feedback use of nodels ^ using the outputs of one model as a 
basis for modifying the results of another or to provide 
objectives for simulations of another model 

The first of these variants is the simplest, and consists of the 
possibility of using two or more of the models in parallel to gen*- 
erate a range of probable outcwes or a ''consensus" forecast « With 
parallel uses of models, one can ascertaini Are consistent output 
patterns generated? How close are they? Are variations in the 
output patterns systematically related to underlying model assump- ^ 
tions or length of the forecast? With the answer to these and other 
questions f the parallel use of the models can produce useful policy 
information significantly in excesa of that generated by any single 
model forecast. 

The second variant of horizontal model interaction, the comple- 
mentary use of models, is closely related to the first, but provides 
a special focus on the sequential use of the models as determined by 
the ease and cost of implCTentation. Many forecasts are time con-^ 
suming to implement. Others generate multiple forecasts in a very 
short period of time utilising specially designed computer software 
packages * At the 8§mm time, each model has associated with it some 
average cost per experiment or forecast f which will vary depending on 
the nature of the process or the type of algorithm being employed^ 
There may also be some model design characteristics which make one 




medel moTB suitsd to short-run^ rather than long-run foreeasts (such 
as thm nature and difficulty of eatabllghing forecasting conditions , 
the number ©f variables being forecasted). Many of these factors 
are, of course, interrelated ^ but an examination of them Is expected 
to identify those models that are best suited to short-range planaing 
due to quick-*turnaround forecasting capability and reasonable eost 
per forecast, and those models that are suited to long-grange fore- 
casting because of high costs per forecast and substantial time 
necessary to generate each forecast. Thus, with the proper mix and 
sequence of model usage, it should be possible to treat the various 
models as being complementary, so that the forecasts are mutually 
supportive. 

The last variation of horizontal model interaction so far iden- 
tified, the feedback use of models, involves the possibility of using 
the output of one or more models to suggest eKperlinents with one or 
more of the other models. This la not a fomal model feedback, but 
rather a feedback mechanism that is based on the differences observed 
in the modeling approaches. For example, a requireffients model could 
be used to generate an eatimate of the nurse shortage or surplus for 
that year, but a market equillbrl™ model could then be employed to 
simulate the alternative types of policies necessary to bring the 
estimate of actual nurse employment in line with the nurse require- 
ments forecasts. One can then predetermine the feasibility of 
instituting alternative policies to reach that goal and, at the stoe 
time, ascertain which policy Is the most effective in reaching the 
goal. 

Potential Vertical Interactions 

As discussed in Chapters 2 and 3, many differences eKist between 
the four models with respect to their intended uses and the require-- 
ments concepts embodied within the models ^ as well as In geographical 
coverage, coiq»rehettsivenesS| basic model atructure, computer software 
requirements f and other factors. Due to these differences ^ vertical 
interactions amang the four models are not feasible in most cases . 
There are, however, two possible^ areas of vertical interactlonf that 
are likely to improve the total value of the models to the user. The 
first la to use the output of the CSF's health service utilisation 
subnodel as input for the Vector modal -s forecasts of nurse require^ 
ments. The second is to use the Vector model -s intermtdiats output 
(that is, : the^^ services utlllEation) as 

input for the Pugh-^Roberts model's projections of nurse require-^ 
ments, Tlie particu of each of the suggested vertical 

intaractlens will be diseussed. 

Vertic al Interaction Between the CSF and Vector Models 



A careful examination of the four models has shown that there is 
a sufficient deigree of conmionality between certain components of the 
CSF and Vector models to allow vertical interactions between the two 



modals^ Thaie kay componenti are the CSFmodel'i health service 
utiiiiatioa submodel^ and the Veetor model's demand-^for-^service 
mddule. The CSF submdd^ls produee projections of health services for 
several specific types of institutions based on input data describing 
the population and health system characteTistics of each insti-^ 
tution's patient service area. These charscCaristlcs consist of age, 
f sally Incoffiep mortality rate, niuiber of hospitals, and physician 
supply by selected specialties « One of the Vector model's modules 
forecasts the demand for health services for each of the groups in 
the population me^dule, where the population module consists of 
population characteristics such as age, sex, family income, and 
insurance coverage. 

As can be seen from the above, the basis of projecting the demand 
for health services in both modelii is the population characteristics, 
and these characteristics are comparable between the two models, 
although not Identical. To link the CSF and Vector models verti- 
caliy, however I at least one of the measures representing the 
interaediate outputs of the two models must be made identical. To 
exmine Aether some of the intermediate outputs of the two models 
are classified in the srae way. Table 5il shows that the CSf model 
contains 20 submodels for acute care Institutlans and 8 for long-term 
care institutions* At the same timei the Vector model's demand-for- 
service module produces projections of health services demand in sIk 
provider settings. All hospitals (exeluding Federal) in the CSF 
model's acute care settings correspond to the Vector modsi's non- 
Federal^ short-^term inpatient units. ThuSp the CSF model's forecasts 
of patient days in acute non-Federal Institutions are identical to 
and, therefore, may replace the Vector model's projections of the 
demand for Inpatient care at non--Federal, short-^term hospitals, to 
becoE&e the basis of the Vector model's forecasts of nurse require-^ 
ments at these institutions. 

Since the CSF model's forecasts are at individual institutional 
levels, these have to be aggregated to the state level, as was done 
for New HeKicoi for validation purposes* However, the Veetor model's 
forecast cannot be disaggregated to the institutional level* This is 
the reason for suggesting that the intermediate output of the CSF 
model be the input for the Victor lAodel's forecasts of nurse require- 
ments, but not vice versa. 

A prescription can be made so that the linking of the two models 
in this manner will produce superior forecasts if two assimptions are 
confirmed. The first Bsstraptlon is that the CSf model's forecasts of 
health care utilisation aggregated to the state level are more 
reliable than those produced by the Vector modsl. The second 
asatfflption is that the Vector model's final output is mora useful to 
policymakers than those of the CSF model because the Vector model 
addresses specific relevant policy issues. It is suggested that 
before adopting the above method of linking the CIF and Vector 
QodelSy a comparison be made between nurse requirements projections 
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TABLE 5,1 1 CLASSIFrCiTION OF THE INTERlfflDIATE 

OUTPUTS OF THE VECTOR AHD CSF MODELS 
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for Naw Mexico produced by the CSF models the Vector model, and the 
vertical interaction of the tvo. Such compariaon will, however, not 
enable one to dstsrmine whether the suggested vertical interaction 
improves the accuracy of the foreeasts of the two models. This li^ 
because there Is no way to validate nurse requirements fortcaats wLth 
historical data. If the intaraetion produces forecasts that are way 
out of line with the forecasts made by the two models individually 3 
one will be able to analygse the underlying cause behind such a dis-- 
crepancy^ The fact that such analysis can be made indicates that the 
suggested interaction may not neeeasarily improve the accuracy of the 
forecast, but will provide a tool to make a more robust policy 
analysis. As mentioned before, the Vector model is a macrOTOdel at 
the state levels whereas the CSF model la a micromodel at the insti-- 
tutional level. The suggested interaction enables the users of the 
Vector model to look behind the aggregate figures at the individual 
institutions and, thereby^ gain a better knowledge of the nurse and 
health care sector. 

Vertical Interaction Between the Vector and Pugh-Roberts Models 

It has been observed that there Is also a sufficient degree of 
similarity between the Vector and Pugh-Roberts models' intermediate 
outputs to allow vertical Interaction between these two models* The 
point of linkage is the Vector model's demand-for-^services wodule and 
the Pugh-Roberts model's demand sector. As mentioned abovei the 
Vector model's projection of health services demands are based on the 
projections of future population cohorts in terms of age^ seK| family 
income, and Insurance coverage. The Pugh-Roberts model's projectiens 
of the demand for health servieea demands are based on projections of 
the Nation's population in terms of Its total size and distribution 
among 10 age eategories, and fertility rates and death rates for 
members of each age category. 

As was the case for the CSF and Vector models, the inputs for 
projections of the demand-f or-health services by the Vector and 
Pugh-Roberts models are also comparablei although not identical , 
However, as mentioned before, at least one of the measures repre- 
senting the Intermediate outputs of each model must be identical, if 
the models are to be linked vertically . 

Table 5.2 compares the outputs of the demand- for-services module 
of the Vector model with those of the demand sector of the Pugh- 
Roberts model. The Vector model produces projections of health 
service demands in sIk provider settings, whereas the Fugh-Roberts 
model generates projections in seven emplo^ent settings i Two 
projections are identical betwaan the two models — nursing (care) 
homes and hospital outpatient and emergency units, or outpatient 
departments. To make the two models' intermediate outputi for acute 
inpatient care identical , Federal hospitals nmst be excluded from the 
Pugh-Rbtierts model. With this modification, then, the Ihtermediate 
outputs of the Vector model for demand for services at the above 



TABLE 5.2: CLASSIFICATION OF THE INTllWEDlATl OUTPUTS 
OF THE VICTOR AND PUGH-ROBIRTS MODELS 



VICTOR MODEL 
f 

Output of the Pemand-for-Bsrvieea Module 



Projeetions of health service demanda in the following 
providar settings* 



1* 
2. 
3. 
4. 
5. 
6, 



1. 



2. 



3* 
4. 
5. 
6. 



Non-Faderal short-term hospital inpatient units 
Hospital Outpatient and emergency units 
Phyaiciana' Offioes 
Nursing eare homes 
mo clinics 
Home health care 

PUGH-^EOBERTS MODEL 
Output of the Diaiand Sector 

Hospitals 

short^terBi 

long^tam 
Ambulatory care 

physiciani' offices and group practices 

outpatient departmants 

comiiunity health centers and mental health centars 
Long*term cara facilities (nursing homea) 
Home cara agancies 
Nursing schools 
Fublic haalth settings 

public health agineies (exeluding nurses pro-- 

vidlng hOTe care) 

occupational haalth 

school health 
Fr Ivata duty and other 
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three provider stt tings ean hm used as inputs for making projeGtions 
of nursa requiiremaiits and suppliss by the Pugh-Roberts modtl. 

Two varsiens of the Vaetor nodtl wMt devaloped and art opera- 
tienall a national modal and a stata fflodtl. The national model was 
davalopad first, and than a stata modal was davelopad that is similar 
to tha natienal model in almost all respMtg* However ^ the state 
modal euparaadas the national model in tha sense that it oan also 
produo€ national foreeasts by aigraiation, whereas tha national model 
cannot be disaggragatad to produca forecasts at the stata level, tot 
the vartiaal intaraotions with the Pugh-Robarts modal, it la sug-^ 
gasted that both the Vaotor's stata and national model be attempted- 
Although projections of tha Nation's deniafid for haalth service ara 
similar to those made by the Vector natiotial model and the state 
modal by aggregation, using both the Vector's national and state 
models for linking with the Pugh-loberts tfodel would provide another 
set of projections of nursa raquirenents and supply that oould then 
be compared with each other. Comparison of the foracasts by the 
Vactor state modal aggregated to the national level and those by tha 
vertieal intaraction will also provide an insight into the vorkings 
of the nurse and haalth care sector and, tharaby, provide a tool for 
a mora robust policy analysis « 

Potential Horizontal Interactions 

parallel Use of Models 

The simpimst horizontal intaraetioni i^ong tha four models is the 
parallel use of tha models* Tha Vector state and WICHl models both 
genarate nurse requirements projections at the state level* Tha CBt 
model's institution-speoific forecasts can also ba aggregated to the 
state levels By using these three models to forecast stata-^level 
nurse requir«ents, one can genarate a ranga of forecasts for each 
State, At the national level, the Pugh-Robarts and aggragatad yector 
state models can ba used to generate nursa requiremants projectiona 
for the entire Nation, 

The results of the parallel use of tha models can be compared tn 
a number of ways in order to gain a batter knowledga of nursing and 
haalth care sectors* Firsti a table could be constructed listing the 
three models' nursa requirements forecasts far each of the 50 itatas 
for ^ given year. Then, the forecasts of the three fflodels--*the 
Vector, WICHE I and GIF models^-could be ranked in each State accord^ 
ing to the magnitude of the projected number of nurses raquir ad. 
Such a ranking would enable one to ascertain whether there is a con- 
sistent pattern in the relative bias of state projections according 
to the model that generates the projections* 

The second type of comparison would involve an extension of the 
above comparison over several years* If a consistent pattern Miong 



taeh model 'i fareeaati la found, la mah a pattern discernible for 
nultipie-yaar prejections? If such A pattern is observable ever 
several years, is the pattern leaker ot stronfer as the length of 
farecast pariod grows? If there was no discernible pattern among the 
^odel projeetiQtis far 1 year, does a pattern emerge fer the pro- 
jections for the later years? 

Another fruitful use of the parallel forecasts comparisons is to 
systtoatically analyze the causes o£ the patterns^ if mny^ that are 
observed mong the model's forecasts for 1 or several years* The 
causa aay be sought in the model structure^ the input data, and the 
assinaptiorxi underlying the model developoent. For example, if one 
model's fofeeasts are consistently larger In nagnitude than those of 
anether aodel and are causad by differences betwean the two models' 
underlying assuiBptlons, such knowledge would prompt a comparative 
analysis of the underlying assuoptlons of the two models^ Such 
analysis will detect any waskness that may eKist in the assimptions 
and, thereby, make adjustmant in the model structure and refine the 
model. Oanerally speaking, these parallel forecasts will enable 
modal usara to better evaluate the relaClva merits of each model, and 
enable policymakers to use the four models In combination as a more 
effeatlva and reliable tool than using them singly, 

Complegi entary Use of Models 

Tlie second type of horlzpntal Interactions approprlata to the 
four modals Is their complementary use. It was mentioned in Chapter 
3 that the Vector model Is programmed to operate In an Interactive 
mode Slid possasses quick^turnaround forecasting capability and 
reasonable cost ($12 per simulation). On the other hand, due to its 
model deglgnj the WICHE model has high start-up costs. The model 
builders estimate that it will take 6 to 9 months for a State to 
collect all the necessary background data, convene a panel of 
everts, and make forecasts based on the panel's jud^ent, Thm 
cofflputM programs of the two models, however, use a coraaon language, 
nafflely PORTOAN language, although the WICHl's software is programmed 
to operate in a batch mode. The above differences and similarities 
in the model design between the Vector and WICHE models can be used 
to combine the two models in a complementary way for mutual benefits* 

For exwplej the WICHI model can hm used to generate an initial 
short-range forecast of nurse raquirement^ of a itate. Then, utilis- 
ing thm information dbtainad form the WICHE model's forecast, the 
Vactof fttodel can ^ used to make subsequent quick^turnaround pro^ 
jectlflns of nurse requir of the sane State for the later years. 

The Vactor model's projections need not be mere axtensibns af the 
WICHi; model's forecast into the later years. Instead, the Vector 
model can incorporate its own asstmiptions of th^ future conditions of 
the haalth eare sector into Its long-^ranga forecasts, Bius, by 
falytnj on the infom^ gained through the WICHE model •.s heavy 
coBSBltment of resources to the initial forecasts and by utilizing the 



Veetor model's quick^turnaround captbillty and the reasonable cot** 
puttr costs p€r forecast , policymakers can use the two models nore 
effectively in combination than singly. 

The similarities and differences in the model design of the 
Veotor natlooal and pugh^Roberts models can also be utilised t© vse 
the tw© aodeli in a eomplementary way. The two models are quite 
similar in aomputer requirements. Both are programed to operate in 
an Interfletive mode, although the Pugh^Roberts model ean als© be 
operated in a batch mods* The Vector model's computer programs are 
coded in FORTRM language and the Fugh-^Raberts DYNAMO III software ii 
also written mainly in FORTMN languaiSi M©reover, the computer costs 
per simulEti©n are equally reasonable for both models— $12 per simu- 
lation for the Vector model and $20 for the Pugh-^Roberts model * 

Thusy there is little to be gained by combining the two models in 
the way suggested for the WICHl and Veetar state models* Insteadi it 
is suggested that the Pugh-Roberts mddsl's market equilibfating 
prpcesa be used to forecast the- long-range outcomes of the Vector 
model -s projactiona of alternative pallcies considered by the models 
As mentioned in Chapter 3, the Vector model is designed to evaluate 
the effeats ©n nurse requirements amanating from proposed KRX 
schemes I the growth rate of mOs and the role of nurses. One may use 
the Vector model to generate a short-run Initial projection of nurse 
raqulremants under various scenarios specified by the model i Then^ 
on the basis of these projectlonsi tht Pugh^Roberts model may be used 
to forecast nurse requirements and supply In the later years 9 when 
the market equilibrating process sptcifiad by the model fully adjust 
to these Initial changes in the health care sector* In this wayf one 
may take advantage of different featurss of the two models lor mutual 
benefits, from the Vector model , ©tie may make use of Its formulation 
and specification of future policy options and their short^run 
effects. From the Pugh-Roberts model j one may make use of its market 
equilibrating process to analyse tht long-range Impacts of the Vector 
model's alternative policy options where various market forces Inter-^ 
lict to adjust t© the policy actions taken* Using the two models 
togethar in such a complementary way would enhance the total value of 
both models i 

Feedbaak Use of Models 

Horizoatal interactions mong the four models of tha feedback 
type is suggested as the third potentially beneficial linking 
method* It .has been mentionsd that the Vector model generatas nurse 
raquiraments projections at the state level and national levels as 
well,, Hovaveri this model does not produ^s nurse supply at eithsf 
level* At the national level I the Pugh-Robarts model 's projactiona 
of nurse supply could be compared with the Vector model's pr©jectlon8 
of the Nation's nurse requirements in a given yeari Such a eonipari^ 
g#a would generate a forecast of nurge shortage or surplus relativa 
to raquirtoenta at the national level « Given a forecast of nurse 
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shoftflge or surplus, the Pugh-Roberts modtl can th#ti be used to 
fllmulste the slternative type of palicies to incraase or deeraase the 
Nation's nurse iupply, to elimlnata or reduce the projected nurse 
shortage or nurse surplus aa cslculatedt Nats that aeeording to the 
Pugh-Roberts model, policies designed to change nurses mesn wages, 
thair raspensibilitiea, and overall aconomic eenditions, syatam- 
atically Influanoe nurse supplyi and the direction and magnitude of 
thesa influences depend on the multipHerg apeeified by tha model. 
Therefore, the feadbaek interaetion of the models as suggastad above 
would anabla policymakers to better anticipate nurse shortages or 
surpluses in the futura and to plan better for most effective poli- 
cies to cope trtth the anticipated problem, 

A sittilar feedbaok interaction can be suggested for the WICHE and 
Vector models at the state level* By matching the Vector model's 
projaetion of nurse raquiremants with the WICHE model's projeotion of 
nurse iupply for a given state, fflodel users ean project a nurse 
requirements shortage or surplus in the future for that State. Then, 
tha Vector model could be usad to simulate tha alternativa policies 
which would increase or decrease a state 'a nurse requirements short^ 
age or surplus. Note that polioias changing tha coinsurance rate of 
NHI, the growth of IMOs, and tha role of nursas, systematically 
change the nurse requirements aeoording to the assumptioni embodied 
in the Vector model. Thus, tha above feedback interaction of the two 
models would enable policymakers to better anticipate a nurse 
requirements shortage or surplus for their State and to formulate 
appropriata policies to change the nurse requirements to copa with 
the requirCTents shortage or surplus problems. 

In stminary, the potential payoffs from the vertical interactions 
raong tha four models are likely to be rather limltad due to the 
substantial differences la the variaty of model attributes. Navar- 
thalass, the suggested experiments of vertically Unking the CSF 
model lath the Vector stata model and, to a lesser aKtent, those of 
linking the Vector state model with the Pugh-Roberts model are likely 
to provide a batter insight into the workings of the health care sec- 
tor and nurse sector. The potential horizontal intaractions promise 
to enhance the total values of tha four models* For axmple, tha 
suggastad parallel use of the modal would anabla one to evaluate the 
comparative merit of each model and, thereby, anable policymakars to 
use the four models in combination as a more affective and reliable 
tool than using them singly. The potentially highast payoffs ara 
likely to aocrue from the suggested complmantary use of the mddals. 
This is because this would enable one to take advantage of the 
differences and similarities batwean the four models to aeonrai^e 
resourees and yet enhance the usefulness of tha modal s to policy- 
makarg* finally, tha feedback use of the models is likely 

to enable the model users to consider more policy options relevant 
for the likely: developments in the health cars sector in the ftiture 
md to malyse thair effects and implicationi in a broader context. 



